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Schematics. Printed Circuit Board | Ra wae —— 
Layouts. FPGAs. OrCAD has what _— | SNe te 
it takes to get the job done. Fast. iT 
OrCAD offers a complete solution fence, sch eee 
for your printed circuit board and oetecn | ht fbn aaa 


SUBL.SCH 





FPGA designs. More than 76,000 AoecToRs. SCH 
engineers have used OrCAD’s 
schematic design tools to create their 
designs. No other EDA software has | ert . * TL TNX 
been used more. And now, the all new, |} CLVia xC4O0S 
enhanced versions of our entire 386+ —— ‘| x FIFO_cLK 
product line offer workstation capacity, |] a 
with the fastest graphics in the industry. — |] EE oF 
And all of our products run in a DOS | Procedure: RESET, STATE_CTLC4. .a2 
session under Microsoft Windows®. LCRESET.  RAM_WR_=F 
j ; READY = 
FULL _=F , 
Reduce your PCB cycle time. | a Eel 
By coupling schematic design and S oreei ec. oo 
printed circuit board layout with SDT aaa area 


386+ 1.10 and PCB 386+ 1.10, youcan {| es 

quickly get your boards from designto = | ay = ee Seale 
manufacturing. PCB 386+ 1.10includes |; WRITE era ES RP 

an extensive library with over 1000 it RAM _WR_=F = ee | 
footprints, an automatic footprint | Pe ‘ DIFF? | 

generator, on-line all object editing, a oe 

and the best embedded 100% 

completion autorouter on the PC. 

Finish your design with complete 

manufacturing output. 


cee cee eee ee cee eee Se oe ee ee SS oe ee 2 ee ee ee 2 2 ee 2 ee ee 2 


Target virtually any FPGA device. 

Capture your design in OrCAD schematics, OrCAD hardware 
description language, or both. The multi-level synthesis capability 

of OrCAD’s PLD 386+ 2.00 rapidly compiles your largest FPGA 

esses fiong ft “ " ~pq) TR , fa/ designs. Target devices from Actel, Intel Flexlogic, Xilinx 2000, 

SS Pe PP) _ d Xilinx 3000, Xilinx 4000, Xilinx EPLDs, AMD MACH, AMD MACHXL, 

| = Weaeae)| Lattice PLSI, Texas Instruments, and many others. Finish the job 
2) y/ —_using VST 386+1.10 to verify the timing of your routed design. 


Isn’t it time you got your whole job done with OrCAD? 
Call us. 


READER SERVICE 145 


9300 SW Nimbus Ave. ¢ Beaverton, OR 97005 © (503) 671-9500 © (503) 671-9501 - Fax 


96, rue St. Charles © 75015 Paris, France ¢ 33-1-45 75 50 00 ¢ 33-1-45 77 82 89 - Fax QO) r C A D @) ia 


OrCAD is a registered trademark of OrCAD, Inc. Other brand and product names are trademarks of their respective owners. 








U.S. Dollars 









PRO VCR 
DYNAMIC 


For Immediate 

Product Information, 

or to Place an Order 
Call 1-800-862-1021 
or FAX (602) 888-3329 


Vout 
+165V 


BIMORPH 


CS HEAD 
i CORRECTION 


HEAD TRACKING 


Innovation’s Influence 










on Per Unit Pricing of 
High Voltage Amplifiers 
Over 300V 1975-1993 
PA41/PA42 
$13.60* 
1975 1980 1985 ~ 1990 1993 


* 10K Piece Price 


The PA41/42 Is The Industry’s First 350V High Voltage 
Monolithic Power Amplifier in a SIP Priced at $13.60* 

The PA41/PA42 offers the designer 350 volts rail-to-rail and 120mA peak output 
current. This monolithic amplifier is fabricated with a MOSFET process which 
provides freedom from second breakdown. Housed in a 10-pin SIP, the PA42 is 
the twin of the PA41 which comes in an industry standard TO-3. 


Also New From Apex ... 450V Hybrid in a SIP 

Looking for more voltage? The PA87 is the industry’s first high voltage 
hybrid to be offered on a 10-pin SIP. Capable of operating on a 100V to 
450V supply, the PA87 features 300mA peak output current and consumes 
just 3mA of quiescent current. 


Free Data Book and Application Notes 

Information on the PA41, PA42 and the PA87 is included in the new 6th 
edition Apex DC/DC Converter, HV and Power Amplifiers data book. Call 
today for your free copy. 1-800-862-1021. 









80V rms 
60/120 Om, OW $13.60 7 rasaaeshe 
200/300 3mA = 7.5W_ $52.00 
TELEPHONE LINE 
—125V RING GENERATOR 
| , - = » ti For Applications 
2 Assistance Call Toll 
tech Free 1-800-862-1021 
DEDICATED TO EXCELLENCE or FAX (602) 888-7003 
APEX MICROTECHNOLOGY CORPORATION Deutschsprachig 
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Need units in a hurry?...all models. are covered by our 
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COVER 12-BIT DAC RUNS AT 1 GHZ, PUTS 20 MA INTO 50!)... 47 


FEATURE ice heterojunction bipolar transistors form a current-output DAC that oper 
ates on just one watt of power. 


DESIGN HARNESS MULTIPROCESSING POWER FOR DSP SYSTEMS... 55 
APPLICATIONS Ty,. proper choice of algorithms and efficient mapping are key to squeezing 
performance from multiprocessor chips and boards. 


MATCH REAL-TIME 08 TO BOARDS FOR SMOOTH PORTING... 75 


An efficient port to new single-board computers hinges on harmonizing the 
workings of a real-time OS and target CPU. 
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When logic design 
is complete, PLSyn 
helps you find the 

best parts to use. You 
define your own goal 
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e Special Report: 1994 ISSCC 

A detailed roundup of developments 
covering: 

—Digital technology 

—Analog technology 
—Communications 

—Sensors and displays : 
e Special Section: PIPS: Power, In- 
terconnections, Passives, Switches 
and Relays 

e Developing trends in surface- 
mount connectors 
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Unit oscillator has 0.5-50 Mc frequency range 

The Type 1211-A Unit Oscillator has a frequency span of 0.5 Mc to 50 Mc 
which is covered in two 10-to-1 logarithmic ranges. Frequency is read directly 
from a 6” dial, with a slow-motion-drive dial that indicates frequency incre- 
ments of 0.2% per division. Output power 
is over 1 w above the 0.5-5 Mc range, and 
at least 0.2 w over the 5-50 Mc range. The 
effective shielding of the oscillator per- 
mits it to be used as a power source in 
bridge measurements. The Type 874 coax- 
ial output connector permits extension of 
the shield system to the bridge. The Type 
1203-A Unit Power Supply is available for 
a-c operation. Batteries can be used for 
field applications. Direct amplitude modu- 
lation over the audio-frequency range is 
possible with an external audio oscillator. 
General Radio Co., Dept. ED, 275 Massachusetts Ave., Cambridge 39, 
Mass.(Electronic Design, February 1954, p. 40.) 

These oscillators were among the highest quality made during the 1950s, and 
were a fixture in most industrial and university labs. The slow-motion-drive 
dial should recall a tactile memory for many engineers—the tuning mecha- 
nism had an extremely smooth feel as you rotated it through the band.—SS 











































































































Valley Community TV Systems 

A paper presented at the Winter General Meeting of the AIEKE investigated 
one of the major problems of Community TV System design and the choice of 
suitable amplifiers for relaying signals along the main trunk line. In the paper, 
entitled “Line Amplifiers for Community Television Systems,” by K. A. Simons, 
D. Kirk, and H. J. Arbeiter of the Jerrold Electronics Corp. (Philadelphia, Pa.), 
the growth of Community TV Systems together with resulting techniques and 
developments was discussed. Although some of the art is entirely new, the basic 
technique of moving television frequency signals efficiently from one place to 
another is closely allied with long-distance telephony. 

The possibility of a Community Television System exists where there is a 
large group of people who cannot receive satisfactory signals directly, located 
within a few miles of a site where satisfactory reception is possible. The most 
obvious case is a valley town shadowed by a mountain. The system operator 
installs high-gain antennas and sensitive receiving equipment on top of the 
mountain where the signals are relatively strong and distributes them, via 
coaxial cable, to the homes in the town. Since these signals must be delivered 
to the customers on the standard television channels between 54 and 216 Me, 
present practice is to select channels most suitable for the system, and convert 
the frequencies of the received signals where necessary to fit this pattern. 
Although adjacent channel operation is possible, it has not been widely used 
because of the difficulties of preventing interference between channels, and it 
will not be considered. The paper considers three important possibilities: (1) 
Separating channels frequency-wise at each repeater point and amplifying each 
with a separate single-channel cascade amplifier; (2) Separating channels into 
two groups and amplifying those between 2 and 6 with one broad-band cascade 
amplifier, and those between 7 and 13 with another; and (3) Using a single 
distributed amplifier for all channels.(Electronic Design, February 1954, p. 8.) 

Cable TV was just getting off the ground when this paper was presented at 
the annual meeting ofthe AIEE (which later merged with the Institute of Radio 
Engineers to form the IEEE). This article makes a couple of interesting points: 
the similarities with telephony and the limited number of channels. Today, 
cable TV and telephone companies are gearing up for head-to-head competition 
while the number of available channels is far beyond what was envisioned when 
the first cable-TV operators erected that antenna on a hilltop.—SS 
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Penton Publishing's Camera 
Department started recycling chemi- 
cals from film wastewater 25 years ago... ; 

long before the ecologically-smart idea was widely recognized. 


For almost as many years, the Penton Press Division has been 
recycling scrap paper, obsolete inventory, and printing press waste 
materials. In 1991, Penton Press will recycle some 5500 tons of 
paper, 9 tons of aluminum plates, and 3 tons of scrap film nega- 
tives. Furthermore, the Press Division has invested $500,000 in air 
pollution control equipment. 


Company-wide, the recycling spirit has spread from Cleveland head- 
quarters to offices throughout the country. Penton employees are 
enthusiastic participants in expanding programs to re-use paper, 
aluminum cans, and other waste materials. 


Penton Publishing believes these practices make a significant quali- 
ty-of-life difference for people today... and will help create a safer, 
healthier environment for generations to come. 


Renton Publishing 
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These Days, It Takes More Than A Wish 


_To Make Your Dreams Come True. 


& 


Most of the time, it takes money. And that means starting to plan 
now so that you can reach your goals in the future. That’s why you 
should invest in U.S. Savings Bonds. With just a little money from each 
paycheck, you can buy Bonds through the Payroll Savings Plan at work. 
Find out how U.S. Savings Bonds are making American dreams a reality. 
Ask your employer or call 1 800 4 US BOND for more information. 


US. Savings Bonds 


Making American Dreams A Reality 


A public service of this magazine 
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What do you get with Siliconix’ 
new 60-V, 8-mQ MOSFET? 
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With maximum SC performance in the 
junction temp- harshest of environ- 
erature of 175°C, ments. This is a robust 
this n-channel 60-V solution, not a 
enhancement-mode feeble 50-V product, 
TO-220 MOSFET cools assuring you of contin- 
downmotorcontrol. =§8# . .}.}.}.}.}}© uous operation, load 


dump...after load dump 


It’s unsurpassed for _...after load dump. 


improving reliability 





and reducing part count. And has been funded Unparalleled part count reduction. 

in part by Daimler-Benz as an ideal motor control Produced with Siliconix’ new ultra-high density 

solution for HVAC, memory seat systems, and technology, this device eliminates the need for 

electric power steering. It can also be used in heatsinks and makes paralleling MOSFETs 

uninterruptible power supplies for computers. obsolete — use it to replace three industry- 

Lower on-resistance for higher reliability. standard TO-220s and shrink your system y 

size and cost. f* 

The rugged | 


SUP60N06-08 TYPICAL ON-RESISTANCE 
0.016 


SUP60N06-08, Create cooler car electronics. 

with its guaranteed Contact your local Siliconix/TEMIC sales office. Or call 
8-mQ maximum our toll-free hot line now! 1-800-554-5565, ext. 591. 
on-resistance and Ask for your SUP60N06-08 Design Kit, including 
175°C maximum SPICE model and free sample. 
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PORTABLE POWER 


The Competitive Edge of the Low Voltage 68HCI| 


consumption your portable applications need to run 


stronger, longer. 


No Pain, No Drain. Building on the industry- 


standard 68HCI | architecture, our low-voltage 
‘mance. With extensive on-chip integration 


— including A/D converters and EEPROM — and 


derivatives push battery drain problems out of your 


way, freeing you to pull ahead of the pack. So you can 


efficient low-voltage operation, these microcontrollers stay on the fast track to cost-efficient, low-power, high- 


Provide tie leh pevionmance afd Ova Rone! performance solutions for your portable applications. 








More On-Chip Muscle. Choose from more than 25 
low-voltage 68HCI | derivatives, each packed with on- 


POWERED BY chip features, like an 8-channel A/D 


MOTOROLA 





converter to process analog signal 
input, a powerful | 6-bit multifunction timer; Serial Periph- 
eral Interface (SPI) and Serial Communications Interface 
(SCI) for data transfer with remote peripherals or commu- 
nications devices; and comprehensive memory options, 

including RAM, ROM, EPROM and EEPROM combina- 

tions on the same chip. All driven by a CPU that's optimized 


for low-voltage operations without speed degradation. 


A Leg Up on the Competition. The 68HC| | 
Family of microcontrollers is one of the fastest-growing 
product lines worldwide for embedded control. And 
the low-voltage 68HCI 1 products are rapidly becoming 
the microcontrollers of choice for portable applications. 
They’re ideal in any application that requires high on- 


chip integration and low power consumption. 





$199.11 Gets You Into High Gear. We'll 


get you up to speed with a special introductory kit to 






train you in low-power techniques for portable designs. 
The M68EBLPIIKIT includes the M68EBLPII, a low- 
power 68HCI1 evaluation board that features LCD 







display and custom interfacing, and includes RS-232 






line driver/receiver and LCD display driver chips 






designed for low-voltage operation. The kit also comes 






with DOS- and Macintosh-compatible development 






software, a low-power design manual, and extensive 






technical literature. It’s all available for a suggested 






resale price of only $199.11, from February 7 
through April 22, 1994. 






Everyone’s a Winner. Put the M68EBLPI IKIT to 


the test. Complete the projects included with the kit, 
and send in your results. We'll send you a valuable gift 
commemorating your completion of our 68HCI | low- 
power training course. Plus, enter our “Portable Power’ 
Design Contest and qualify to win one of eleven $51 | 
cash prizes and a chance to have your low-power 
design technique published by Motorola. 

For details, contact your Motorola sales office or 


Motorola authorized distributor, or fax your inquiry to 


(800) 347-6686. 


(AA) MOTOROLA 


Advanced Microcontroller Division 


@®) and Motorola are registered trademarks of Motorola, Inc. Macintosh is a registered trademark of Apple Computer, Inc. Government employees, Motorola employees and representatives and their families are not 
eligible for the Portable Power design contest. Contest void where prohibited or restricted by law. Cash prizes will be donated to charities designated by winners if winners are unable to accept. Contest entrants limited 


to residents of North America. © 1994 Motorola, Inc. 


How to stay out of the rough 
In surface mount technology. 





























whole new game in technology. 
And as in most new games, a little 
help from the pros 
makes life easier. 

Each surface 
mount application 
presents its own 
problems requiring 
| a unique solution. 

a — > __ Our experience in 
design and manu- 
facturing can help 
guide you through the options, 
giving you a clearer understand- 
ing of what you can (and can’t) do 
to integrate surface mount inter- 
connects into existing or new 
products. 

We'll show you the variations in 
form you can choose from — from 
through-hole compatibles to new, 

ewes Ultra-fine-pitch SMT 
| products. We'll 
make sure the con- 
tact configuration 
and foot design you 
choose are right for 
the physical require- 
ments of your sys- 
+ tem. We'll help 
determine optimum 
holddown type, 
based on how your 


Scandinavia: Sweden 46-8-580-833-00 (fax 46-8-580-194-70) 

Central Europe: Holland 31-73-20-0911 (fax 31-73-21-2365); Germany 49-6103-7090 
(fax 49-6103-709223): Great Britain 44-81-954-2356 (fax 44-81-954-6234) 

Southern Europe: France 33-1-34-20-8888 (fax 33-1-34-20-8600); Italy 39-11-401-21111 
(fax 39-11-403-1116); Spain 34-3-200-8466 (fax 34-3-201-7879) 
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Surface mount interconnects are a 





product will be assembled and 
used. And we'll show you how the 
right combination can answer 
design needs and fit 
successfully into 
production. 

We offer the 
manufacturing 
technology you 
need, too: our 
products are 
designed for either 

automated pick-and- 
place or robotic application. 
They're available in tape and reel 
packages (including KIA-481), 
tubes, and trays to meet manufac- 
turing requirements. In fact, the 
packaging, tooling, and feeder 
modules we offer can all be tailored 
to your unique assembly environ- 
ment. 

Want more help? We'll also 
move you ahead in your design 
efforts, keep you up-to-the-minute 
on new advances, and simplify 
your design process. Full technical 
information, catalog sheets, and 2D 
and 3D models of many product 
lines are available in CD-ROM for- 
mat to shorten your design cycle. 

For more information, call the 
AMP Information Center near you. 


AMP is a trademark. 





LCD Proto Kit 


Everything you need to 
start your LCD application 
.... create complex screens 
in just a few hours! 


240 x 64 x Kit provides 
pixel serial inter- 
Supertwist face to IBM 
LCD PC for quick 
mounts prototyping. 
directly Board also 
onto fC supports 
CYB003 : 3] displays up 
proto- Te to 240 x 128 
typin a. pixels. 
board. 
Interface to 
6 soft keys or 
4x 4 key matrix. 


Dial 0-25k 
ohms for LCD 
contrast. 


Controller 
provides 

parallel or 

serial high- 

level control 

of Instrument- 
size LCDs. Up 

to 256 built-in 
windows support 
window-relative 
text, bargraphs, 
waveforms, and 
plots. Text and 
graphics are main- 
tained in separate 
planes, facilitating 
special effects. 
Complete User 
Manual included. 


Alternate Add your own 8051 
CPU for stand 
alone operation. 


Wirewrap 
area for 
custom 
circuitry 


serial jack for 

RxD, TxD, 

CTS, and 5 Pin 
GND, plus Power Power 

2 spares. DIN. Connector. 


Kit also includes: 


Power pope provides + 5v and Gnd for 

board, -12v for LCD, 

and + 12v spar Sample routines in 
8051 Assembler 


and QuickBasic. 


LCD Paint™ for 
creating your own 
graphics 

images. 


cabie with 
DB25F 
connector 

for your IBM PC. 


$495 - Kit 
into 8751 for 


Popular LCD Starter Kit. 
enemas immediate 


™ ‘ CANARY. gratification. 


Demo routines 
preprogrammed 





($595 p 


*The CY325 CMOS 40-pin DIP and 44-pin 
PLCC LCD Controller IC are available 
from stock @ $75/singles, $20/1000s . 


CyberneticMicroSystems 


fe Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 
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MIELECTRONIC 


EDITORIAL 





THE PORTABLE WORLD 


ower and size: Those are usually the two key design parameters 

electronics engineers consider when the topic is portable electronics 

systems. Specifically, that means minimizing the battery power drain 

and packing lots of electronics, display, and input devices into a small 
package. But that’s only a fraction of what’s involved in designing portable 
electronic systems. Designers also have to create a rugged unit that can handle 
both external and internal RFI, select and efficiently drive the display, get the 
right input device ergonomics that match the application, and accommodate a 
host of other design restrictions. It could, in fact, be argued that portable 
electronic systems—computers, communicators, medical monitors, what- 
ever—represent the ultimate in design challenges, which must be solved under 
severe time-to-market pressures. 

This topic comes to mind because next week, Electronic Design will be 
sponsoring the Portable by Design conference at the Santa Clara Convention 
Center. Upon reviewing the conference technical program put together by 
chairman Jack Shandle, Electronic Design’s Advanced Technology Editor, it 
becomes clear that portable electronics design is a different animal from most 
other types of equipment design. What makes it even more intriguing are the 
strong market indicators of growth among all types of portable systems. 

The market acceptance and resultant increasing demand for portable elec- 
tronics gear will offer new opportunities for electronics designers. One basic 
but crucial skill designers will have to sharpen is their ability to work as a 
design-team member. The much talked about (in some cases, perhaps too much) 
concept of concurrent engineering appears to be a necessity in the design of 
this type of equipment. To a much higher degree than in other types of systems, 
the design problems involve the interaction between electronic and mechanical 
constraints—placement of components, heat dissipation, user-friendly fea- 
tures, ruggedness, attractive packaging. These combined with time-to-market 
goals seem to call for a team approach to the design. Getting a product out the 
door in a reasonable time is possible only if the EEs and MEs work simultane- 
ously in solving the long list of problems. 

This interplay between mechanical, ergonomic, and electronic functionality 
is mirrored in the technical program of the Portable by Design conference. The 
conference, which will be held Feb. 14-18, will bring together top experts in the 
industry, presenting workshops and technical papers on every major aspect of 
designing portable electronics equipment. The conference runs simultaneously 
with the Wireless Symposium & Exhibi- 
tion sponsored by Electronic Design’s 
sister publication, Microwaves & RF. 
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SURFACE-MOUNT or PLUG-IN FROM 95 


Expose Mini-Circuits’ TUF-mixers to 250°C for five minutes, or to the extreme shock 
and vibration stresses of MIL-M-28837, or to 200 cycles of thermal shock from -55° to 
+100°C...they'll survive without any change in specs. They are mighty tough mixers! 

Available with LO drive levels from +7 to +17dRm, performance features include very 
low conversion loss flat over the entire band, high isolation (L-R, L-l), and well-matched 
VSWR at all ports. 

All-welded internal and external construction is used to assemble and package the 
TUF-unit in its tiny 0.5 by 0.2 by 0.25 in. metal case, for plug-in or surface-mount* assembly. 

TUF-Ultra-Rel™ mixers are guaranteed for five years and boast unprecedented 

“skinny” sigma (6) unit-to-unit repeatability as shown in the Table. 

Tough, tiny, and with tight repeatability... Mini-Circuits’ Ultra-Rel™ TUF-mixers with a 

five-year guarantee, priced from $3.95... available only from Mini-Circuits. 


ULTRA-REL MIXERS 


5-YR. GUARANTEE 


with extra long life due to unique HP monolithic 

diode construction, 300°C high temp. storage, 1000 cycles 
thermal shock, vibration, acceleration, and mechanical 
shock exceeding MIL requirements. 


Ferd 





actual size 


finding new ways... 
setting higher standards 





Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 


READER SERVICE 114 


SPECIFICATIONS 


LO 
Power 
(dBm) 


Model 


TUF-3 
TUF-3LH 
TUF-3MH 
TUF-3H 


TUF-1 
TUF-1LH 
TUF-1MH 
TUF-1H 


TUF-2 
TUF-2-H 
TUF-2MH 
TUF-2H 


TUF-5 
TUF-5LH 
TUF-5MH 
TUF-5H 


TUF-860 


TUF-860LH 
TUF-860MH 


TUF-860H 
TUF-11A 


TUF-11ALH 
TUF-11AMH 


TUF-11AH 


i 
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Freq. 
LO/RF 
(MHz) 


0.15-400 


2-600 


50-1000 


20-1500 


860-1050 


1400-1900 


@ Conv. Loss 


_(dB) 


X 


COMWwo 
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COMNO © 
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Isol. 
L-R 
(dB) 


*To specify surface-mount models, add SM after P/N shown. 
@ X = Average conversion loss at upper end of midband (fy/2) 
6 = Sigma or standard deviation 


Mi : ni i = Ci e re Le its WE ACCEPT AMERICAN EXPRESS AND VISA 


P.O. Box 350166, Brooklyn,New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 


EUROPE 44-252-835094 Fax 44-252-837010 
For detailed specs on all Mini-Circuits products refer to ¢ THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS’ 740-pg HANDBOOK. 
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The new 4-meg VRAM 


doesn’t just give you the most 







memory any VRAM ever has. If 
it’s a Samsung part, it also gives 
you the highest performance any 
VRAM ever has. | 

Thanks to an advanced Fast 
Page Mode that makes pages 








© SAMSUNG SEMICONDUCTOR, INC., 1993. 





move at unheard-of speeds. 

The chip’s extended data out 
feature gives it a Fast Page 
Mode cycle time of 25 ns. 
Which gives your customers the 
ability to build products with 


increased visual performance. 





to use the 4-meg now. 


block write. 
And gives you one more reason 














_ Unlike some lesser-perform- 
ance 4-megs, this 60 ns chip is a 
full-SAM VRAM—the design 
that will be the industry stan- 






dard. It gives you an 8-column 


And like all semiconductor 










The Samsung VRAMS 


256K x 16 
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KM428C257 
KM428C256 


KM428C128 
KM424C257 
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LEADERSHIP IN TECHNOLOGY BRIEFING 


THERMISTOR 
TECHNOLOGY 


HIGH-SPEED CLOCKING PusHes CMOS 


s clock speeds continue to climb in microprocessors and communica- 
tions systems, it’s getting more difficult to generate the clock signals 
that control the timing while minimizing clock skew. At next week’s 


\Kej stone 
INRUSH CURRENT International Solid State Circuits Conference in San Francisco, an 
| unprecedented number of papers will detail advanced timing and data-recovery 


LIMITERS circuits as well as high-performance logic implementations. These papers, in 
Sessions 6 and 18, will show designers just how far CMOS and bipolar technolo- 
gies can be pushed to implement high-performance systems. 

High-speed data-communications applications, such as the 125-Mbit/s FDDI 
standard, demand both low-cost and high-performance circuits. To achieve that, 
designers at Advanced Micro Devices Inc., Sunnyvale, Calif., were able to get 
by with a 0.8-um CMOS process thanks to a proprietary, synchronous uniform 
sampling scheme and an edge-position averaging algorithm. The resulting 
digital phase-locked loop, discussed in Session 6, allows systems to recover 
binary data at rates from 75 to 230 Mbits/s. 

In another paper, the Information Systems Labora- 
tory at Stanford University proposes that phase-modu- | 
lation techniques be used to move multiple bits over each | 
pin within each clock cycle, rather than push the clock 
frequency beyond the range CMOS can comfortably 
handle. The scheme does this by using both rising and 
falling edges of a 20-MHz clock signal. On-chip PLLs 
ensure that drivers and receivers have equal delays. 

Bipolar transistors are behind a 156-MHz PLL-based 

clock and data-recovery circuit and an 8-GHz clock-re- = Aw 4 
Turn to Keystone to protect covery and data-regenerator to be described by Nippon DAVE BURSKY 
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your switching power supplies Telegraph and Telephone Public Corp., Atsugi, Japan, SEMICONDUCTORS 
from turn-on surge ... as dia- and Ruhr Universitat, Bochum, Germany, respectively. 


NTT’s PLL makes novel use of a sample-and-hold scheme to ensure stable 
operation. When tested with a pseudo-random bit sequence 22-1 bits long, the 
chip showed an rms data pattern jitter of just 1.2°. Ruhr’s researchers designed 
a 2-to-9-GHz quadrature VCO based on a modified ring oscillator. The oscillator 
is used with a master-slave D flip-flop and a phase-and-frequency locked loop. 
The combination can perform data regeneration at rates of 8 Gbits/s with the 
on-chip VCO and up to 15 Gbits/s with an off-chip VCO. 

Designers at AT&T Bell Laboratories, Holmdel, N.J., and Allentown, Pa., 
pushed biCMOS technology to its limit by crafting a 6-GHz PLL that consumes 
just 60 mW when operated with a 2-V supply. The PLL has an rms jitter of just 
3.1 ps at 6 GHz and requires an active chip area of just 500 by 500 microns. 
Keystone has designed spe- Pushing the current limits of GaAs quantum-well high-electron-mobility 
cial disc-style NTC thermis- transistors, researchers at the Fraunhofer Institute for Applied Solid-State 
tors with crossed leads in 20 Physics, Freiburg, Germany, will detail a 0.3-um, HEMT-based, 19-GHz, clock- 

Rees ) recovery circuit. The circuit employs a digital phase-locked loop that includes 
types with s cold” resistance a VCO with a center frequency of 18.35 GHz and a tuning range greater than 
values @ 25°C from 0.5 to 120 2 GHz for applications in high-speed optical networks and test systems. 


gramed below. 


2 
" ®: Alternate location 





ohms. A Designer’s Kit with High-speed operation also will be the focus of presentations in Session 18. 
one each of 20 different types For instance, Intergraph, Palo Alto, Calif., will detail a novel regenerative 
is available. push-pull differential logic family. Thanks to this development, circuits will be 


able to perform complex Boolean functions with propagation delays just one- 


third that of other differential logic schemes, and up to 40% faster than dynamic 

Ss tone logic implementations. In one example, a 64-bit adder implemented in a 0.7-um 

CARBON COMPANY 3-V process yielded a delay of just 1.5 ns. Additional presentations from Intel 

Thermistor Division « St. Marys, PA 15857 Israel Ltd., Haifa, and a combined effort by Rambus Inc., Mountain View, Calif., 

814-781-1591 * FAX 814-781-7648 and NEC Corp., Kanagawa, Japan, will detail delay-locked loops that help 

Keystone Thermistors are distributed by deskew clock edges and deliver clocks that run at speeds of up to 104 MHz and 

Allied Biactronics bpeeepge gen 500 MHz, respectively. Copies of the conference proceedings and slide supple- 

Dig Key Corporation +800 94-4699 ments can be ordered through the IEEE, Palo Alto, Calif. Call (415) 3827-6622. 
Summit Distributors reosvecsss BXELECTRONIC DESIGN 
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ne of the most exciting new technologies for instru- You don’t have to worry about wasting any energy 
ment control is the credit card-sized PCMCIA developing new application programs for your portable 
expansion bus found on the latest note- system. Your existing NI-488.2™ programs 
book PCs. Because these systems often run on | written for the industry-standard AT-GPIB, 
battery power, energy is scarce and must be _ GPIB-PCII/IJA, or any of our IEEE 488.2 
spent wisely. ' hardware, will be ready to run. 





National Instruments delivers portable, low- _ And of course, you save personal energy 


power instrument control with the PCMCIA-GPIB. because notebook computers are a lot easier to carry 
Using the TNT4882C™ IEEE 488.2 controller chip, the around. If you want to add some energy control to your 
PCMCIA-GPIB is three times more energy efficient than GPIB system, give us a call. 

traditional IEEE 488 hardware without sacrificing 


performance. Its low power design ensures that your Call for FREE catalog 


portable computer batteries will last (800) IEEE 488 (U.S. and Canada) 
longer — keeping you in control, even . ; NATIONAL @ (912) 794-0100 
when a power outlet is hard to find. INSTRUMENTS 


The Software is the Instrument ® 





See us at Nepcon Booth 4475 


6504 Bridge Point Parkway « Austin, TX 78730-5039 Tel: (512) 794-0100 # 95 (800) 010 0793 (Mexico) * Fax: (512) 794-8411 


Branch Offices: Australia 03 879 9422 © Austria 0662 435986 © Belgium 02 757 00 20 « Canada 519 622 9310 * Denmark 45 76 26 00 « Finland 90 527 2321 « France 1 48 65 33 70¢ Germany 089 714 50 93 
Italy 02 48301892 « Japan 03 3788 1921 ¢ Netherlands 03480 33466 ¢ Norway 32 848400 ¢ Spain 91 640 0085 « Sweden 08 730 49 70 « Switzerland 056 27 00 20 ¢ U.K. 0635 523545 


© Copyright 1993 National Instruments Corporation. All rights reserved. Product and company names listed are trademarks or trade names of their respective companies. 
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We not only have a ton of these 


Intel Flash Memory is shipping in high gear.Our —_in each factory allows us to provide multiple sources 
factory capacity is up. Our prices are coming down. for our flash products to ensure delivery. 
And we’re leading the industry in flash technology. What’s more, our new capacity is so huge, we’ ll 
The shortage 1S Intel Flash Memory Factory Output Intel Flash Component Pricing Trend* outsupply all other 


over. With three flash _— : | flash manufacturers. 


Combined! 

Seni We’re also growing 
your immediate and (E20F020-7 the market by driving 
long-term needs. In fact, : Le down flash prices, 
our sub-micron process . : making Intel Flash 


factories now on line, 
Intel can support both 


Millions of Units (mu) 


© 1994 Intel Corporation. ‘Based on 9/93 Dataquest forecast of total flash units to ship in 1994. 
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but now you'll also save a ton. 


Memory a viable option for virtually any new design. by far the broadest, most technologically advanced 

In fact, since Q4 ’93, we’ ve dropped prices by as line of flash products in the industry. 

much as 31 percent. And by the end of the year, the So if you’re ready to load up on flash memory, 

volume price for our 120ns, 8Mb FlashFile™ devices call 1-800-879-4683, ext. 101 for complete informa- 

will be as low as $20. tion. Because Intel is more than ready to deliver. 
This is an opportune time to get the design wheels 

rolling, too. Because you can now purchase one hun- 

dred 8Mb devices for just $25 each. 


@ 
With chips from 256Kb to 32Mb, to PCMCIA é Nn 
Flash Cards and ATA Flash Drives, Intel also gives you ® 
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No matter how automated, 
computerized and roboticized 
tomorrow’s production line 
becomes, its intelligence must 
be supported by the systems to 
receive and transmit information 
and to protect and coordinate 
its motor skills. 

And when you think about 
everything that goes into an 
industrial-sized automated system, 
it’s a natural reflex to think of 


With three decades of opto technology 
behind it, Sharp has pushed device 
functionality to new extremes. Sharp's 
proprietary Optical IC (OPIC) process 
technology combines photodiodes and 
their peripheral circuitry on a single 
chip to achieve new dimensions in 
device miniaturization. In addition, 
you are assured of better isolation 
voltage and the highest reliability 
via Sharp’s packaging innovations 
like its patented double-transfer- 
mold process. 
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Dedicated to the proposition that one good idea leads to another. 


Sharp, the world’s leading supplier 
of both optoelectronic and flat 
panel display technologies. 

GETTING THE LED OUT. 
Twenty-five years ago, Sharp 
introduced the gallium arsenide 
LED: the heart of the photo- 
couplers and photointerrupters 
that are the ubiquitous electrical 
isolators and switching components 
of industrial control systems. 


From early light to the lates 


One of Sharp’s broad range of 
CCDs can be the ideal front end of 
your vision system. Specify high 
resolution (up to 470,000 pixels) 
or high sensitivity (up to 600 mV). 


Sharp photocouplers protect 


sensitive circuitry from high volt- —_ Sharp’s opto is part of a process 


age machines. They give you well-known for that promises 


1000 times the switching speed of _ three critical higher isolation 


mechanical isolators, plus lower advantages: Choose chips sets, 270,000-pixel voltage, tighter 
power consumption, smaller size, RELIABILITY. — ©o/or modules, or complete cameras tolerances and 
CAPABILITY. with video output options (compos- 
longer life, and better shielding AND CHOICE. ite or Y/C), as well as exposure more reliable 
from noise. And compared to —One faulty photo-_9’S#@"s (mechanical or electronic) yerformance 


that can be configured to 


your needs. even as the size 


other optoelectronic coupler can be 






components, the weak link of photocoupler: 
that paralyzes a keeps shrinking. 
production line. And when 
Your best hedge it comes to 


against this is the added voltage putting the most opto capability 


isolation protection afforded by on the least real estate, you can 
turn to Sharp’s Optical Integrated 


Circuit (OPIC ) technology. We 


Sharp’s patented double-transfer- 
mold technology. Sharp uses two 


separate molds of epoxy resin as offer more than 50 ways to 








hift: Sharp's putting its opto 





combine signal-processing circuitry 

ind the light-detecting element 

na single chip, to save space, 

ower costs, and raise perfor- 

nance and component reliability. 
Finally, you can look to 

harp for quality in quantity. 


rom the broadest line of super- 


We give you the best data display under any 

condition: In TFT, you get the contrast, color 

saturation, fast response and high resolution that 

has made Sharp far and away the world leader in active matrix displays. 
In electroluminescent displays, Sharp’s unique dual scan drive and tape 
automated bonding process create a brighter, thinner, more energy efficient 
display that’s ideal for the grit and heat of the factory floor. 


luminosity LEDs to our unique 


selection of OPICs, our packaging 


expertise helps us meet more 
demanding dimensional and 
environmental specifications — 
whether off-the-shelf or custom. 


FACTORY SUPER VISION. 


Whatever the challenge of funnel- 


ing data from an assembly station, 


an assembly line or a factory 


back to the decision-maker, you 
can’t do better than by starting 
and ending the job with Sharp. 
CALL FOR YOUR FREE 
SHARP OPTO SAMPLE KIT. 
Test our opto devices on your 


own proving grounds: we'll send 


you a cross section of components 


that will set a high benchmark for 


SHARP. 


FROM SHARP MINDS 
COME SHARP PRODUCTS” 


FOR MORE INFORMATION CALL SHARP AT 1-800-642-0261 EXT. 903 


opyright © 1994 Sharp Electronics Corporation. Siemens display courtesy of Siemens Industrial Automation 


on the line. 


your opto expectations. Whatever 


you're designing, from household 
appliances to complete automa- 
tion systems, contact your nearest 
Sharp Electronics Corporation 
sales office, or call us toll-free at 


1-800-642-0261, Ext. 903. 
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Power Supply 
savings. 


Or how to get the lowest cost-per-amp 
fast, simple and easy. 





 IRSoovIGBT ff 





| ££ \§ fF mosret 
Bipolar ¢ f 





Cost/Amp 


1 10 | 1 00 1000 
Frequency (kHz) 


Just plug in IR’s UltraFast 500V IGBT. And 
you instantly improve the efficiency and cost-per- 
amp of your single-ended off-line switch-mode 
power supplies. Without redesigning. 


Our IGBTs also come paired with IR super- 
soft recovery diodes in CoPacks for half-bridge 
supplies. All give you the lowest conduction 
losses ever. And fast switching speeds. 


Available from the most cost-effective IGBT 
line today. Value priced to save you money. In 
stock to save you delivery time. Send for our 
IGBT data pack. Or call. 310-322-3331, ext 2529. ies ear 


UltraFast IGBT 


TO-247 
CoPack 


Soa 





TO-220 


You'll easily save more for your converters. : 
UltraFast IGBT 


Available now at key IR distributors. 


teR|[nternational Rectifier 


WORLD HEADQUARTERS: 233 KANSAS ST., EL SEGUNDO, CA 90245, USA 310-322-3331, FAX 310-322-3332, TELEX 66-4464. EUROPEAN HEADQUARTERS: HURST GREEN, OXTED, SURREY RH8 9BB, ENGLAND, (0883) 713215, FAX (0883)714234 
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dc to 3GHZ ... SII 


lowpass, highpass, bandpass 


eless than 1dB insertion loss ® greater than 40dB stopband rejection ®surface-mount @BNC, Type N, SMA available 
e5-section, 30dB/octave rolloff ¢ VSWR less than 1.7 (typ) ® rugged hermetically-sealed pin models ®constant phase 


emeets MIL-STD-202 tests ® over 100 off-the-shelf models ® immediate delivery 


low PasSSs, Plug-in, dc to 1200MHz 











Passband Stopband, MHz Passband Stopband, MHz 
Model MHz loss loss Model MHz loss loss 
loss < 1dB > 20dB > 40dB No. loss < 1dB > 20dB > 40dB 
*LP-5 8-10 10-200 * 320-400 400-1200 
*LP-10.7 19-24 24-200 * 410-550 550-1200 
*LP-21.4 32-41 41-200 * 580-750 750-1800 
* LP-30 47-61 61-200 * 750-920 920-2000 
*LP-50 70-90 90-200 * 840-1120 1120-2000 
LOW PASS *LP-70 90-117 117-300 * 1000-1300 1300-2000 

* P-90 121-137 167-400 * 1080-1400 1400-2000 
*LP-100 146-189 189-400 * 1100-1400 1400-2000 

wo *LP-150 210-300 300-600 * 1340-1750 1750-2000 

i] *LP-200 290-390 390-800 *LP- 1200 DG- 1000 1620-2100 2100-2500 

5 Price, (1-9 qty), all models: plug-in $14.95, BNC $32.95, SMA $34.95, Type N $35.95 

io] 

2 Surface-mount, dc to 570OMHz 

ro) SCLF-21.4 DC-22 32-41 41-200 SCLF-190 DC-190 290-390 390-800 
SCLF-30 DC-30 47-61 61-200 SCLF-380 DC-380 580-750 750-1800 

Py SCLF-45 DC-45 70-90 90-200 SCLF-420 DC-420 750-920 920-2000 

SCLF-135 DC-135 210-300 300-600 


frequency Price, (1-9 qty), all models: $11.45 


Flat Time Delay, dc to 1870MHz 


Passband Stopband VSWR 
MHz Freq. Range, DC thru 








Group Delay Variations, ns 
Freq. Range, DC thru 





























































Model 0.2fco 0.6fco fco 2fco 2.67fco 
loss < 1.2dB > 10dB > 20dB X X X x X 
INSERTION LOSS * BLP-39 78-117 117 Test 230 0.7 4.0 5.0 
* BLP-117 234-312 312 1.3:1 2.4:1 0.35 1.4 19 
* BLP-156 312-416 416 0.3:1 1.44 0.3 1.1 > 
i ahr 8 %*BLP-200 400-534 534 1.6:1 1.9:1 0.4 1.3 1.6 
: * — *BLP-300 600-801 801 Tee. 2.2.1 0.2 0.6 0.8 
*  *BLP-467 934-1246 1246 1.2611 2.2:1 0.15 0.4 0.55 
Z s  ABLP-933 1866-2490 2490 1.3:1 2.2:1 0.09 0.2 0.28 
i 2  BLP-1870 3740-6000 5000 1.45:1 2.9:1 0.05 0.1 0.15 
Price, (1-9 qty), all models: plug-in $19.95, BNC $36.95, SMA $38.95, Type N $39.95 
NOTE: A: -933 and -1870 only with connectors, at additional $2 above other connector models. 
high pass, Plug-in, 27.5 to 2200MHz 
Stopband Passband, VSWR Stopband Passband, VSWR 
MHz MHz Pass- MHz MHz Pass- 
loss loss band Model loss loss loss band 
HIGH PASS < 40dB < 20dB ii No. < 40dB < 20dB <1dB 
* HP-25 27.5-200 1.8: * HP-400 210-290 395-1600 71 
* HP-50 41-200 54 * HP-500 280-365 500-1600 1.8:1 
@ * HP-100 90-400 1.8:1 * HP-600 350-440 600-1600 2.0:1 
A} * HP-150 133-600 1.8:1 * HP-700 400-520 700-1800 1.6:1 
S * HP-175 160-800 1.5:1 * HP-800 445-570 780-2000 rd 
= * HP-200 185-800 1.6:1 * HP-900 520-660 910-2100 1.8:1 
8 * HP-250 225-1200 1.3:1 * HP-1000 550-720 1000-2200 1.9: 
o * HP-300 290-1200 yaa 
i) Price, (1-9 qty), all models: plug-in $14.95, BNC $36.95, SMA $38.95, Type N $39.95 
Wo aiane bandpass, Elliptic Response, Constant Impedance, 
10.7 to 7OMHz 21.4 to 7OMHz 
Stopbands VSWR 
Li RE. 1.3:1 
BANDPASS Total Band 
MHz 
F ELIPTIC RESPONSE DC-220 
: Be ae 
¢ IMPEDENCE DC-440 
3 70 58-82 490 | DC-280 
e Price, (1-9 qty), all models: plug-in $18.95, 
P | | 
= BNC $40.95, SMA $42.95, Type N $43.95 Price 3608” SMA $38 a al N $39 95 





NOTE: *Add Prefix P, B, N, or S for Pin, BNC, N, or SMA connector requirement. 


frequency 
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TECHNOLOGY NEWSLETTER 


ISDN video adapter card as a separate accessory i for a price of $4500. Initially, the PCC will be 
made available only in the U.K. However, through its newly formed Telecommunications and | 
Multimedia Division, Olivetti will market the system later on throughout Europe. PF 


Digital TV receivers based on the MPEG-2 video and audio compression stan- 
DIGITAL TVS To ADOPT dard will be ready for market in the U.K. by the third quarter of 1994. Or so 
MP EG-2 STANDARD says Alan Watson, manager for advanced products for TV engineering and 
research company National Transcommunications Ltd. (NTL), Winchester, England. Some 85 
European broadcasting network operators, TV equipment manufacturers, and governments 
already signed a memorandum of understanding last fall agreeing that all future European 
digital TV standards will be based on the MPEG-2 video and audio compression standards. As 
a result, satellite operators are planning to start direct-to-home digital TV services in 1995. 
The MPEG-2 standard allows compression of up to 10 TV channels into the bandwidth current- 
ly occupied by just one analog channel. NTLallied with a volume manufacturer of satellite and 
terrestrial broadcast receivers, Pace Micro Technology Ltd., Bradford, England, to produce a 
range of digital satellite, cable, and terrestrial broadcast receivers and decoders. Both compa- 
nies have been appointed to the steering board of the Digital Video Broadcasting project 
aimed at defining European standards for digital TV. For more information, contact NTL at 
+44 ee 822562, or Pace Micro Technology at +44 (0)274 532000. PF 


An ISDN adapter card that brings full multimedia services to a personal com- 
MULTIMEDIA ISDN CARD puter, including video telephone and interactive desktop data conferencing, 


READIED FOR P RODUCTION has been awarded full certification by the British Approvals Board for Tele- 
communications (BABT). Designed by British Telecommunications ple (BT) in collaboration 
with Motorola Semiconductor Products, IBM UK Ltd., and Ing. Olivetti Spa., the VC8000 card 
will enter full production on a dedicated manufacturing line at the Automotive and Industrial 
Electronics Group of Motorola Ltd. in the U.K. The next phase in the card’s two-year develop- 
ment cycle is scheduled to begin in January 1994, whena first production batch of 250 units will 
be supplied to 40 companies for the final stages of operational testing in the field. Each of the 
firms will pay $4500 for their cards. This ‘“‘beta”’ trial phase, scheduled for completion by the 
spring of 1994, is intended to identify any possible final changes to software or hardware. Full 
commercialization under the IBM and Olivetti brand names is slated for June 1995. PF 


A partnership between Sandia National Laboratories, Albuquerque, N.M., 

P ROGRAM AIMS To and four U.S. companies is shooting for better rechargeable batteries to 
IMP ROVE BATTERIES power communications equipment and other portable systems. A coopera- 
tive R&D agreement between Sandia and AT&T Bell Labs, Murray Hill, N.J.; Eveready Bat- 

tery Co., St. Louis, Mo.; Rayovac Corp., Madison, Wis.; and Wilson Greatbatch Ltd., Clarence, 

N.Y.; will forge toward identification and characterization of a carbon material to be used as © 

an anode for rechargeable lithium-ion batteries. By pinpointing such a material, it’s hoped that — 

the lithium-ion cells now being introduced by Japanese companies to power cellular tele- 

phones and camcorders can be improved. These batteries already offer the high voltages and 

energy levels of metallic lithium systems while extending safety advantages and improved 

cycle life. The sought-after carbon material for the anode would efficiently and reversibly 

insert lithium ions into the carbon lattice. Using the engineered carbon, the four companies 

plan to design batteries with higher energy and longer cycle lives than existing rechargeables. 

This would enable U.S. manufacturers to better compete in the portable-system market. For - 

more information, contact Sandia’s Sam Levy at (505) 844-8029. pm 


| A new input-slope modeling (ISM) technique used in library-development 
INP UT SLOP E MODELING tools will speed the characterization of deep submicron ASICs. Compass 


PEEDS IC DESIGN Design Automation Inc., San Jose, Calif. has come up with a highly accurate 
ISM technology that requires fewer circuit simulations for CMOS cell characterization than 
other ISM approaches. Typical ISM methods need an average of 20 to 30 Spice simulations per 
input pin. However, the Compass ISM method needs only four Spice simulations per pin. This 
results in faster overall circuit simulation runs and more efficient data collection for the cell- 
characterization process. The Compass modeling maintains accuracy to within 5% of Spice for 
almost all temperature, voltage, and process-technology conditions. In addition, to ensure 
that simulation values are accurate for varying conditions, engineers can apply scaling fac- 
tors for each term in a delay equation rather than use just one factor for the entire equation. 
Call Compass Design Automation at (408) 483-4880. Lu 
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Small But Powerful 


BUF634 is a high speed, unity-gain buffer amplifier that delivers 
250mA output and 2000V/us slew rate—all in a tiny SO-8 package. 
Its low price, high performance, and ease of use make 
BUF634 ideal for a wide range of applications. It's an excellent 
driver for valves, solenoids, video, and even headphones. 


Versatile Yet Simple 


BUF634 can be used inside the feedback loop of op amps to increase 
output current, eliminate thermal feedback, and improve capacitive load 
drive. Its bandwidth can be pin-programmed for 30MHz with 1.5mA 
quiescent current or boosted to 180MHz with 15mA quiescent current. 
BUF634 is the simple solution for all your buffer needs. 


Easy And Rugged 


BUF634’s monolithic design is very rugged—its internal current limit 
and thermal shutdown protect it from extreme abuse. BUF634 
withstands load faults and short-circuits with ease. It's virtually 
indestructible—you can design-in this device with confidence. 





BUF634 Key Specifications 





*-OUOULOUNENE 6 oe ee iy. oe OO 
OO ae ea it OO ERS 
e Pin-selected bandwidth .............cccceceeee80MHZz to 180MHz 
© Quiescent CUITENt ........cccceeececeeeeeeeeeeeeeeee t.OMA (30MHzZ BW 
SOONG nde ECO Uo ETON 
@ Protection ..........:..:...-....ternal current limit, thermal shut-down 


e Packages: 8 pin-DIP and SOIC, TO-220, Dice 





First One’s Free 


Try our “worry-free” buffer! 
Fax 1-602-741-3895 

for your FREE SAMPLE, 
data sheets, & High Voltage, 
High Current Amplifiers 
brochure. Or, contact your 
local sales representative. 


actual size 
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Burr-Brown Corp. e P.O. Box 11400 © Tucson, AZ 85/34 


BURR - BROWN® 





International Subsidiary Offices: Austria (43) 1 602 63 71, France (33) 1 395 43558, Germany (49) 711 77040, Italy (39) 2 580 10504, 
Japan (81) 33 586 8141, Netherlands (31) 03465 50204, Switzerland (41) 1 7240928, United Kingdom (44) 923 233837. 
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When it comes tc 
solutions, nobody p: 


Introducing Intel 16 & 32Mb density of the 16Mb chip in the same 1.2mm-slim, 
FlashFile™ Memory. 56-lead TSOP package, making it the only compo- 
If you need high-density, nent to enable 200MB-per-cubic-inch flash arrays. 
- nonvolatile flash memory for Both components offer a 70ns read access time 
_ your mobile PC and embedded _at 5V. And fast data storage is enabled by on-chip 
| designs, we’ ve got the ticket: buffers, which boost sustained write performance to 
~ New 16 and 32Mb FlashFile™ 1.7MB per second in 32-bit systems. 
components—the smallest, fastest, most power- To save power, both chips support 3.3V read 
efficient flash chips we’ve ever fielded. operations, and can be configured as either x8 or x16. 
The 32Mb chip’s dual-die design doubles the And silicon power management automatically shifts 


© 1994 Intel Corporation. *Third-party trademarks are the property of their respective owners. Stadium by Baron Wolfman/NFL Photos. 








be 
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ioh-density flash 
them in like Intel. 


current consumption down to a | to 2mA static mode, 
while sleep mode further drops it to just 1 to 2uA. 
Compatible with existing FlashFile designs, 
these chips can replace ROM/RAM and disks in stor- 
ing applications, O/S and data files. Supporting one 
million erase cycles per block, FlashFile architecture 
also enables mass storage subsystems like our Type I 
and II, PCMCIA Flash Cards and ATA Flash Drives. 
And when it comes to flash value, Intel is in a 
league all by itself. In fact, the 16Mb FlashFile 


component is the most cost-effective 3.3V flash 
memory available, at just $85 in volume quantities. 
So if you want density, call for literature at 
1-800-879-4683, ext. 102. Or dial the FaxBack* 
system at 1-800-628-2283, cat. #2. Because when it 
comes to high-density flash, nobody else is even in 


the ballpark. 
| 
intel. 
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orget about cost/performance trade-offs. 
EF Our new 16M Synchronous DRAMs give you 
big benefits in both areas. Operating at 100MHz 
clock, they eliminate CPU wait states. So workstation 
designers save by eliminating costly cache SRAMs. 
And PC designers gain a quantum leap in system 
speed. 

Our new 16M Synchronous DRAMs provide a 
minimum cycle time of 10 nanoseconds (100MHz) 
and a maximum data transfer rate of 200M bytes 
per second (x16 device) with a 3.3V power supply. 
They're designed with 3-level pipeline architecture 
and ().5-micron CMOS technology. Other features 
include: 


J Full JEDEC compatibility 

|_] Programmable mode register for burst length, 
wrap type and CAS latency 

[_] Dual memory banks for ping-pong operation 

|_|] Clock suspend and power-down operation 


To meet your system needs, our 16M Synchronous 
DRAMs are available in a variety of speeds and 
organizations. Clock-speed versions are 66, 75, 83, 
and 100MHz. Bit organizations are x4, x8 and x16. 
Package types are 44-pin or 50-pin 400mil TSOPII. 

- Breaking cost/performance barriers—that’s what 
new wave memories are all about. To receive more 
information about our 16M Synchronous DRAMs, or 
to order your samples, call NEC today. 


For fast answers, call us at: USA Tel:1-800-366-9782. Fax:1-800-729-9288. 
Tel:0211-650302. Fax:0211-6503490. Tel:040-445-845. Fax:040- 
444-580. Tel:08-753-6020. Fax:08-755-3506. Tel:1-3067-5800. Fax:1-3946- 
3663. Tel:1-504-2787. Fax:1-504-2860. |taly Tel:02-6709108. Fax:02-66981329. 
Tel:0908-691133. Fax:0908-670290. Tel.01-6794200. Fax:01-6794081. 
Tel:886-9318. Fax:886-9022. Tel:02-719-2377. Fax:02-719-5951, 
Tel:02-551-0450. Fax:02-551-0451. Tel:253-8311. Fax:250-3583. 
Tel:03-8878012. Fax:03-8878014. Tel:03-3454-1111. Fax:03-3798-6059, 


READER SERVICE 99 











‘Trust HP to design the only VXI system 
you can build with confidence. 


© 1992 Hewlett-Packard Co. TMLID236/ED 
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HP’s systems approach 
reduces the risk of 
implementing VXI. 


The VXIbus standard promises 
greater choice and better perfor- 
mance in a completely open, 
modular system that meets more 
of your testing needs. And when 

it comes to designing a VXI system 
to make those promises a reality, 
trust HP. 


HP’s VXIbus product line includes 
register-based and message-based 
modules, B-and C-sized cards, 
computers, software, and intercon- 
nect products to help you tailor a 
VXIbus system exactly to your 
testing needs. 


In developing these products, HP 
has taken a true systems approach 
based on consistent design deci- 
sions. The command language, 
software interface, and data format- 
ting are consistent across all HP 
VXI products—at all levels. From 
module-to-module, module-to- 
system, and even system-to-system. 


The result? Faster, easier system 
integration, higher throughput, and 
cost-effective test development. 

In other words, just the flexibility 
and performance improvements 
you want from VXI. 


If you want to build confidence 

in VXI, call 1-800-452-4844* Ask 
for Ext. 3326, and we'll send you 
a free HP VXI catalog that explains 
how HP can help you design exact- 
ly the VXI system you need. 


There is a better way. 


¢ 


HEWLETT 
PACKARD 





* In Canada call 1-800-387-3867, Dept. 415 


TECHNOLOGY ADVANCES 


OPERATING SYSTEM MIMICS REAL-WORLD 
FUNCTIONS TO SIMPLIFY OPERATION 


Ithough graphical user 

interfaces aren’t new, 

available GUIs for 
personal digital assistants 
are now _ transforming 
PDAs into a real substitute 
for the desktop and the tele- 
phone. Using graphical 
desktop metaphors—tele- 
phones, in and out baskets, 
file cabinets, drawers, and 
many other office items— 
lets users interpret the im- 
ages quickly into real-world 
functions. The ease of un- 
derstanding creates a sim- 
plicity of use rarely seen in 
computing appliances. 

To that end, developers 
at General Magic Inc., 
Mountain View, Calif., came 
up with the most real- 
world-like GUI/operating 
system to date for PDAs 
and consumer digital appli- 
ances, called Magic Cap. In 
addition to the operating 
system, which would be em- 
bedded in the appliance, de- 
signers at General Magic 
worked in concert with 
AT&T to develop an intelli- 
gent communications schema 
and a scripting language, 
dubbed Telescript. Telescript 
also can be employed inde- 
pendently from Magic Cap 
as a system extension onto 
any personal communicator 
or computer platform. 

To make possible such a 
development, General Magic 
worked with a number of 
partner companies—Apple 
Computer, AT&T, Mo- 
torola, Philips, and Sony. 
These partners provided 
the multiplicity of re- 
sources needed for an inte- 
grated, communications- 
centric graphical operating 
system, and defined the 
base hardware platform on 
which it runs. 

The GUI/OS is tightly in- 
tegrated with the communi- 
cations capability so that 


users don’t have to think 
twice about how to send 
messages or take action on 
incoming requests. Part of 
the software, for example, 
monitors incoming mes- 
sages and will automat- 
ically update the address di- 
rectory with new contact 
information. Or it will up- 
date existing contacts if the 
incoming message/request 
has a new address, tele- 
phone number, etc. Fur- 
thermore, if the software is 
running on both a PDA and 
a host desktop system, all 
addresses, appointments, 
and other items will be up- 
dated and reconciled when 
the two are connected. 

The Magic Cap software 
is founded on a _ mul- 
tithreaded object-oriented 
operating system. It’s a col- 


lection of frameworks, with 
each application, including 
the built-in applications, 
tightly coupled to the 
frameworks. Third parties 
can add extra functionality, 
modify existing capabili- 
ties, and create new com- 
municating packages. With 
the multithreading, asyn- 
chronous tasks (both back- 
ground and foreground) are 
managed, including power 
management. The smart 
power management incor- 
porated into the system 
gives every power-consum- 
ing hardware subsection a 
software module that tells 
the host processor how 
much power it needs. 
About 3 Mbytes of ROM 
are needed to hold the 
Magic Cap software (pro- 
gram and image storage) 
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and about 300 kbytes of 
RAM are used for transient 
execution space. Although 
initially developed to run on 
the recently introduced 
M68349 “Dragon” proces- 
sor developed by Motorola 
Inc., Austin, Texas, the soft- 
ware will also be available 
on the Apple Macintosh and 
on IBM-compatible PCs 
running Windows. ‘The 
Dragon chip is based on a 
32-bit 68030 CPU core and 
includes many on-chip pe- 
ripherals, such as a DMA 
controller, serial channels, 
timers, and memory con- 
trol. A fully-static proces- 
sor, the Dragon chip can op- 
erate at 3.3 V, consuming 
just 300 mW at 16 MHz and 
1 mW when idling. 

The minimum hardware 
configuration for Magic 
Cap, as defined by General 
Magic in its minimum func- 
tionality specification, will 
initially consist of a 68349- 
based system with a 2400- 
baud fax modem, 3 Mbytes 
of ROM, 1 Mbyte of RAM, a 
built-in speaker and micro- 
phone, a PCMCIA-compat- 
ible card interface, and a 
480-by-320-pixel (mini- 
mum) touch screen. For 
communications with a host 
computer or peripherals, 
the base system will also in- 
clude a low-speed infrared 
serial interface (HP-com- 
patible), and a proprietary 
but open-specification high- 
speed serial expansion bus 
(Magic Bus) that runs at 
rates from several hundred 
kbits/s to over 14 Mbits/s. 

To appreciate the unique- 
ness of Magic Cap, one re- 
ally has to sit down and use 
it. The desktop metaphor as 
well as the images and 
sounds not only make it 
easy to use, but also make it 
fun—a rarity in today’s 
business world. Although 
most operations are cen- 
tered around the desktop 
with its telephone, address 
file, in and out baskets, fil- 


ing cabinet, etc., that meta- 
phor is only one level of the 
OS (see the figure, top). 

The desktop represents a 
“room.” By tapping on the 
touch screen, users can 
leave the room and walk 
down an animated and cus- 
tcm-decorated “hallway” 
that lets them reach other 
rooms. Each room repre- 
sents an application, whether 
it be a library, a database, a 
spreadsheet, or even a sec- 
ond desktop metaphor 
setup, perhaps, as an ac- 
countant’s lair. The room/hall- 
way metaphor can be ex- 
panded even one level 
higher, in which the user 
ean go from “building”’ to 
“building” while “walking” 
downtown. Buildings rep- 
resent entire domains, such 
as shopping services, com- 
munication services, and 
other services that the 
PDA can link into. 

The object-oriented foun- 
dation allows everything 
from the icons to the entire 
application to carry their 
own characteristics, mak- 
ing them easily “attach- 
able.” This allows objects to 
be linked to an application. 
One such example of that is 
the collection of icons or 
“stamps” built into the 
GUI/OS. These stamps can 
be copied onto any screen to 
otate documents or 
screens with static or ani- 
mated labels, such as “ur- 
gent,” smiling or sad faces, 
stones rolling downhill, ani- 
mals running or hopping, 
push-button response but- 
tons, and stored sounds— 
personal messages or pre- 
recorded sound effects. 

The Telescript commu- 
nications scripting scheme 
is unparalleled in the indus- 
try. Other communication 
packages only send out pas- 
sive information—a fax, a 
linkup/data exchange with 
a host system, _ ete. 
Telescript, on the other 
hand, can also send out in- 
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telligent packets called 
agents. Each agent encap- 
sulates a message, a re- 
quest for information, or 
even an information filter. 
The user would create an 
agent by producing a script 
of what must be done—for 
example, “access image da- 
tabase xxx and find all im- 
ages that include tele- 


phones.” 


All user instructions (the 
script) get encapsulated 
into a message (an agent) 
that’s sent to the communi- 
cations network “cloud.” In 
the cloud, the agent gets 
routed to the desired infor- 
mation, takes action (per- 
forms database searches, 
sets up flight itineraries, 
transfers messages), and 
passes the result of the ac- 
tion back to the original 
sender. Previous interfaces 
typically would just inter- 
rogate a database, transfer 
a file, or handle a simple 
business transaction. How- 
ever, no preprocessing took 
place in the network. 

One simple example of 
agent usage combines 
Magic Cap and Telescript. 
Under Magic Cap, a user 
may want to create an elec- 
tronic message that’s sent 
to one or more associates to 
set up a meeting. To do that, 
a postcard metaphor can be 
pulled up on the screen, 
with the recipient’s name 
and address filled in from an 
address book and a message 
entered with the date, loca- 
tion, and time of the meet- 
ing (see the figure, bottom). 
In addition to the message, 
special reply buttons (yes 
and no, for example) could 
be attached so the recipient 
can respond to the message 
immediately. 

When the message is re- 
ceived by an addressee, the 
“postcard” metaphor bears 
a postmark, indicating the 
date and time the message 
was received. Attached 
icons like the “urgent” 
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stamp actually do more 
than just annotate the 
card—they can be mini- 
agents. In the case of the 
urgent stamp, this mini- 
agent moves the postcard 
ahead of non-urgent mes- 
sages in the “in basket.” 

Similarly, if the recipient 
pushes the “yes” or “no” 
button images, those 
miniagents cause the recipi- 
ent’s system to send a mes- 
sage back to the originator, 
giving a yes or no response 
to the originator. If it’s a 
“yes”, the intelligence in- 
cluded in the Magic Cap 
software puts the meeting 
information in the recipi- 
ent’s calendar and also adds 
the respondent’s name to 
the meeting calendar in the 
originator’s system. 

Both Magic Cap and 
Telescript, unveiled last 


month at the MacWorld 
Conference and Exhibition 
in San Francisco, Calif., can 
be licensed from General 
Magic. Currently over 20 
developers are crafting 
both portable and desktop 
platforms, application pack- 
ages, peripherals, and even 
support chips. Mitsubishi 
Electronics America Inc., 
Sunnyvale, Calif., for in- 
stance, developed a micro- 
controller with the Magic 
Bus interface embedded on 
the chip. Such a chip will 
considerably simplify the 
design of peripherals that 
would attach to the PDA, or 
a base station that the PDA 
could plug into. 

For more information, 
contact General Magic’s 
Joanna Hoffman at (415) 
261-3860. 

DAVE BURSKY 


ANALOG SCHEME IMPROVES 
DIGITAL TRANSCEIVER 


ypically, transceiv- 
ers for digital buses 
are implemented 


with digital logic that buff- 
ers the input and delivers a 
strong 


signal to drive 
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highly capacitive loads. 
Traditional circuit schemes, 
however, add 38 to 5 ns of 
propagation delay to the in- 
put signal. An improved 
scheme, which banks on 








Even though 





Pentium 


has arrived, 
you ‘still 


have to wart. 





Contrary to what you may 
think, the Pentium is not the 


fastest way to run Windows NT-_ 


Our Vp4400° 150MHz micro- 
processor runs Windows NT™* 
nearly twice as 
fast. Not margin- | 
ally faster. Not | 
even quite a bit | 
faster. Nearly 
twice as fast. And 
we have them | 
ready and waiting 
to speed you into 
the future. 

None of this should be surpris- 
ing, really. Not when you consider 
that our processor is already at the 
heart of the most powerful work- 
stations in the world. 

You see, NEC's Vp-Series is based 
on MIPS Technologies” 64-bit 
RISC architecture. And now, that 


same workstation performance is 


©1993 NEC Electronics Inc. All registered marks and trademarks are property of their respective holders.*Windows NT runs existing DOS and Windows 3.1 applications. Comparison based on MIPS Technologies, Inc. benchmarks for Windows NT, September 1993. 





The NEC Vp-Series processors come ina 
variety of scalable performance/price 
configurations—many of which are significantly 
less expensive than Pentium. 


available for desktop PCs running 
Windows NT. In fact, Windows NT 
was developed on our processor. 
With features such as separate 
16K instruction and data cache, 
on-chip floating point, 
| secondary cache sup- 
port up to 4MB and 
powerful multiproc- 
essing, it's no wonder 
the future of PC per- 
formance will never 
be the same. So 
when you design a 
computer to run Win- 
dows NT, be sure to think about 
what's inside. After all, you don't 
want to install a processor today 
that will make you wait tomorrow. 
For applications and technical 


information, please call NEC Elec- 


tronics Inc. at 1-800-366-9782. 
Or fax us at 1-800-729-9288 
and ask for Info Pack #168. 
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analog-feedback circuit 
techniques, keeps the in- 
put-to-output delay to just 
1.5 ns for an octal trans- 
ceiver. The scheme, devel- 
oped by Micro Linear 
Corp., San Jose, Calif., 
avoids using cascaded in- 
verter stages that progres- 
sively employ larger tran- 
sistors to buffer the input 
signal. Rather, designers at 
the company implemented 
a biCMOS octal transceiver 
using npn transistors for 
the amplifier/buffer cell and 
MOS elements for support 
logic. The buffer includes 
npn transistors to achieve 
the shortest delays, while 
MOS devices are used in the 
surrounding circuits to 
place the dormant buffers 
into a three-state mode. 
Such a combination yields 
typical rise and fall times of 
1.2 ns with a 50-pF load at 
clock frequencies of 50 MHz 
and higher. 

In the buffer, the asser- 
tion path starts with an 
emitter follower compris- 
ing a level-shift transistor 
(Q1), an output transistor 
(Q2), and a bias resistor (Rg) 
(see the figure). That cir- 
cuitry sources current to 
the output through the 75- 
Q resistor (R7), which is by- 
passed by another npn tran- 
sistor (not shown) during 
fast input transients. The 
negation path is a current- 
differencing operational 
amplifier connected in a fol- 
lower configuration. 

The amplifier consists of 
transistors Q3-Q7; bias re- 
sistors Rg-Re¢; and two feed- 
back resistors, R; and Re. 
In the current-differencing 
amplifier, the currents in 
transistors Q8 and Q5 are 
always identical, and the 
voltages at the bases of Q4 
and Q6 are roughly the 
same. 

If the output is higher 
than the input, an error cur- 
rent will flow through Ro. 
This error current will flow 
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into the base of Q6 and be 
multiplied by B to the col- 
lector of Q7, which closes 
the loop. The greater the 
discrepancy between the 
output and the input, the 
larger the feedback current 
and the harder Q7 sinks 
current from the load ca- 
pacitance. 

Several of the resistors 
were implemented as resis- 
tive transmission gates to 
ensure that disabled buff- 
ers don’t load the lines to 
which they’re connected. 
Furthermore, in series with 
Rg is a p-channel transistor 
(not shown) that’s usually 
turned on, but shuts off 
when the buffer is disabled 


to help minimize current 
drain. Quiescent current for 
the buffer is about 7 mA, 
but drops to less than 10 uA 
when the buffer becomes 
disabled. 

R7 also acts as a termina- 
tion resistance. Because it’s 
connected in series with the 
output, it can suppress 
noise caused by transmis- 
sion-line effects such as re- 
flections from mismatched 
impedances. This keeps the 
ground-bounce noise to less 
than 300 mV. In contrast, 
system designers using 
CMOS transceivers would 
typically have to add exter- 
nal resistors in series with 
each transceiver output to 


suppress this noise. In addi- 
tion, an internal diode 
clamp improves the circuit 
settling time. 

To prove out this concept, 
designers at Micro Linear 
incorporated this buffer in 
an octal transceiver, the 
ML6580. It’s the first trans- 
ceiver to use all analog cir- 
cuitry to implement the 
digital buffering function. 
The circuit operates with 
less than half the added de- 
lay of other transceivers, 
giving system designers 
more timing margin to use 
when computing system 


timing. Contact Ram 
Gopalan, (408) 433-5200. 
DAVE BURSKY 





SERIES-MODE SUPPRESSION 
SUBDUES SURGES SAFELY 


nowledgeable and 
informed computer 
users certainly are 
aware that their equipment 
should bear some kind of 
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protection against the po- 
tentially lethal effects of 
power-line surges. Many, in 
fact, have installed metal- 
oxide-varistor (MOV) tran- 


DES IGN 


sient suppressors either in 
the equipment itself or in 
the power strips the equip- 
ment is plugged into. 

The typical MOV-based 
protection scheme shunts 
surges from the hot power 
line into the neutral and 
ground wires in a process 





‘A great time to introduce a new luxury 
cruise line. The economy was ina slump, and the 
competition was on the rise. 

We told our new 


a - ie 
Incre asing Our advertising agency we have 
to go in with all guns 
ad budget Was blazing. And gave them the 
extra money to do it. 
SO successful They recommended a 
7 three phase campaign. 
our agency Phase 1. Full page 
newspaper. One ad a week 
recommended for 24 weeks and one-third 
pages in the travel section. 
we cut it” Phase 2, radio. Then 3, 
7 television to sweep up one 
Season and sow the seeds 
for the next. 

To make a long story 
short, two-thirds into the 
newspaper phase, 
Celebritys ships were just 
about full to the end of the 
season. With so little left to 
Sell, we all agreed to hold 
the radio and TV and save 
the remainder of the 
budget. | 

In roughly two years 
Celebrity became the 


number one cruise line from 


_ New York to Bermuda. 
Al Wallack, Sr. VP Marketing, Celebrity Cruises, ea 
after returning from having his hearing checked. We've Just added 




















another new luxury ship and 
we're anxious to fill it. So once again we've upped 
our budget. So far, our agency hasn't tried to talk 
us out of it.” 





American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, NY 10017 enclosing 
a check for five dollars. You will receive our booklet, /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Korey, Kay & Partners, New York. 
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that’s often described as “all 
three modes of protection.” 
According to Rudy Har- 
ford, chief engineer at Zero 
Surge Inc., Frenchtown, 
N.J., such a scheme is fail- 
ure-prone and potentially 
dangerous both to the com- 
puter user and the precious 
data it processes. Zero 
Surge came up with a se- 
ries-mode surge-suppres- 
sion methodology that deals 
with both internal and ex- 
ternal disturbances in a 
safe, effective manner. 
Although they can be ef- 
fective in stopping surges, 
MOVs have weaknesses 
that, over time, can make 
them more of a hindrance 
than a help. For one, they 
have a limited lifetime. 
Each time a surge that sur- 
passes a modest threshold 
reaches an MOV, it de- 
grades somewhat and even- 
tually is rendered ineftfec- 
tive. The typical failure 
mode for an MOV is over- 
heating—they ve been known 
to explode and/or burn. 
Another problem with 
MOV-based surge suppres- 
sion lies in the way they are 
applied. Typically, MOVs 
are connected across the 
hot and neutral wires at 
some distance from the 
ground node. As noted ear- 
lier, their impedance can be- 
come very low over time. 
When subjected to an ex- 
ternal disturbance (one that 
enters by way ofa building’s 
electrical-service entrance) 
that causes them to con- 
duct, the disturbance volt- 
age, or what remains of it 
when you subtract the 
MOV’s clamping voltage, is 
divided between the hot 
and neutral lines in propor- 
tion to the two lines’ respec- 
tive impedances. 
Because these imped- 
ances are typically equal, 
about half the disturbance 
voltage will appear on the 
neutral (common) wire with 
respect to the ground wire. 





This common-mode voltage 
can exceed 2000 V with re- 
spect to ground, stressing 
the equipment’s common- 
mode capability. It can then 
capacitively couple across 
the isolating circuits and 
into the equipment itself. In 
effect, then, the MOV is 
transferring the distur- 
bances to ground. The re- 
sults can be catastrophic, 
especially when the equip- 
ment relies on the power- 
line ground circuit for a ref- 
erence voltage. 

In the Zero Surge series- 
mode suppression scheme, 
the surge that enters the 
circuit first sees a current- 
limiting choke in series with 
the line (see the figure). 
That choke is followed by a 
voltage-limiting _ bridge, 
which presents a far lower 


impedance to the surge 
than does the equipment it’s 
protecting. Within this 
bridge, the surge energy is 
stored by three large elec- 
trolytic capacitors. One of 
the three capacitors is 
charged to track the sine- 
wave peak at all times. 
When a surge does hit, the 
excess energy flows into 
the other two capacitors. 
They slowly release their 
energy back into the neu- 
tral line through current- 
limiting resistors. 

The series-mode method- 
ology is equally effective in 
deadening internally gen- 
erated transients, which 
can have extremely fast 
rise times of up to 40 kV/us. 
Such transients evolve 
from voltages of equal and 
opposite polarities that are 


SCSI CONNECTOR STANDARD 
CTMPLIFIES CONFIGURATION 


proposed standard 
A« SCSI connectors, 
called the Single 
Connector standard, aims 
to simplify the installation 
of SCSI peripherals. It 
would encompass all of the 
critical elements needed for 
peripherals to migrate to 
fast and wide SCSI imple- 
mentations. The standard 
also eliminates any prob- 
lems associated with the 
tangle of many wires and 
cables. The connector was 
proposed by Sun Microsys- 
tems, Mountain View, Calif.; 
Seagate Technology, Scotts 
Valley, Calif; and other 
disk-drive manufacturers. 
Installing the hardware 
portion of a SCSI device, 
such as a hard-disk drive, 
can be a complex task. For 
example, the user must 
physically mount the drive 
within the cabinet. Power 
cables must be attached, 
and a series of jumpers 
must be set to ensure 
proper SCSI operation. For 
PAE LECT R O 


visual indication of drive 
operation, another cable at- 
tachment is needed for the 
activity LED. For applica- 
tions that require several 
drives (e.g. disk arrays), yet 
another connection must be 
made for an external clock 
signal to obtain synchro- 
nized spindle rotations. 

Under the standard, a 
single connector holds the 
power and interface con- 
nectors, the SCSI ID jump- 
ers, the LED signal, and 
other functions to create a 
single point of contact for all 
necessary connections. 
Within the connector is the 
full complement of inter- 
face signals needed for the 
8-bit bandwidth of the 
standard SCSI interface. 
Additional lines are avail- 
able for 16-bit support. The 
standard also includes a 
provision to set a device’s 
SCSI ID through software 
using four designated sig- 
nal lines. 

Other connector features 

N £°C>° DR? E Si GN 


FEBRUARY 7, 1994 








developed on the hot and 
neutral wires with respect 
to ground when current in 
those lines is interrupted by 
switching. Simple shunt 
suppression of these surges 
is impractical, because an 
MOV is too slow to react. 
Addressing that prob- 
lem, Zero Surge’s method- 
ology uses snubbers con- 
sisting of a resistor in series 
with a capacitor. Snubbers 
are frequency selective, 
they work instantaneously, 
and have no threshold to be 
exceeded before they act. In 
fact, they can cut internal dis- 
turbances below the normal 
conduction level of conven- 
tional shunt suppressors. 
For more information, 
contact Zero Surge at (908) 
996-7700. 
DAVID MALINIAK 


are delayed and remote 
spindle start. A delayed 
start is necessary for sys- 
tems that need a little extra 
time to initialize the host 
before the drives come on- 
line. The remote startup 
lets the host control at what 
instance the drive’s spindle 
motor is initiated. This fea- 
ture is typically required by 
drives that are assigned a 
specific function, such as 
backup, because they aren’t 
always on-line. As a result, 
the drive is only turned on 
when it’s needed. 

The specification calls for 
5- and 12-V power, with a 
dedicated ground for each. 
Specifically, there are four 
each of the +12- and +5-V 
power lines, as well as four 
each of the +12- and +5-V 
ground lines. The power 
and ground pins are strate- 
gically positioned on the 
connector to mitigate the 
effects of EMI, preventing 
the corruption of data that’s 
passed over the SCSI bus. 

For more information, 
contact Seagate Technol- 
ogy at (408) 488-8111. 

RICHARD NASS 


Energizer Power Systems Featuring leading edge 








We're 
makin 

primary and rechargeable | a g 

power. With one of the a 1 a m e 


industry's broadest product 


was formed to provide products likeprimary 


OEMs a single source for lithium and recharge- 





able nickel hydride, 
Energizer Power Systems 





offers superior design 
lines and a solutions : f i assistance, unsurpassed 
approach to new portable 0 aftermarket presence 
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Your partner in power. 
For more information, call 1-800-67-POWER. 


Energizer 
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A Division of Eveready Battery Company, Inc. 
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Si 8 Tech Kesearch tn Coopere tion with Electronic Design M agazine Presents 


The 1994 Silicon Valley mim 


Networking Conference 
and Exhibition 
The conference for designers of high-performance network interfaces, 
internetworking hardware, and network management pro ducts 


Don't miss this information-tilled April 5-7, 1994 
at the San Jose 


conterence and accompanying exhibition! Hyatt Hotel 











Keynote Speakers: 


The Future of Video Server Technology 
Dr. Sultan Zia, Director of Video Server Development 










Registration Information: 






Digital Equipment Corp. One day: $ 195.* 
Three day: $ 395.* 
ATM Technology: Today and Tomorrow was : : 
Mr. Mario Mazeola: Vice President, Cisco Systems Exhibits Only $ FREE* 


Extra Proceedings: $90.** 


System Implications of ATM 
r. Daniel Abensour, ATM Systems Manager, 
IBM Corp. 





*Postmarked by March 18; fees increase by 25% for 
registrations postmarked after March 16 or for at- 
conference registration; walk-in exhibits pass is $25. 

“For pickup at conference; add $20/$40 for 


Network Component Directions 
Charles Carinalli, Senior V.P and Chief Technical 
Officer, National Semiconductor Corp. 


Tuesday, April 5: Three full-day Tutorials ota ca, Be ve atailable: call for rates 
Tutorial 1: Asynchronous Transfer Mode (VISA or CARD accepted) 
Tutorial 2: High-Speed Interconnections Make your hotel reservations early; call the San Jose 

(100-Mbit Ethernet, Fibre Channel, Hyatt directly at (408) 993-1234, or toll free at (800) 
Scalable Coherent Interfaces, 033-1234, an uest the special SVNC room rate of 


P1394, QuickRing, etc.) $70/$80 single / double. 
Tutorial 3: Internetworking and Network 








Management Approaches Please register me for One Day tax ID: 77-0254502 
‘ Tutorial # Conferenc 
Wednesday, Thursday, April 6, 7: - ad — 
i : oe Full Three-day conference Exhibits only 
Technical Papers, Panel Sessions and Exhibits 
ees : Amount enclosed|charged to VISA/MC card: $ 
The conference is divided into three parallel Nee 





session tracks that will present technical 


papers and panels highlighting design Title: 


approaches and issues in various themes: 























Company: 
* mens ATM, Fibre Channel, Sonet, Address: 
SCI, 100base-VG, CDDI/FDDI, and other City: State: Zip: 
high-speed WAN, LAN and point-to-point 
networks and network adapters. Pl Ci 
* Network management and diagnostic Card No. Exp. 
SG aeices to ie atiee: 
* Design approaches for high-performance ignabure: 
internetworking products (bridges, Send Payment or Inquiries to: 
routers, etc.). SysTech Researc 
* Wireless network interfaces. mee The Alameda, Ste. 207, 
eee , an Jose, CA 95126 
Product Exhibits: Noon-2:00 pm, April 6 & 7 408/293-8383 (ph); 408/293-0901 (fx); 


ie majithia@sjsuvm1.bitnet (email) 
The conference is in part cosponsored by Integ rated Device Technology Inc. 
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PORTABLE DESIGN Is A SPECIAL DISCIPLINE 
As a manager or designer of portable products your design criteria are as stringent as 
anything this side of a space probe. 
You must design to tough standards in weight, size, EMI, ergonomics, power con- 
sumption, ruggedness, durability, connectivity, plus a myriad of other criteria. 


WE'VE BEEN LISTENING TO YOUR NEEDS 
The editors of ELECTRONIC DESIGN have organized a conference and series of workshops 
devoted to solving your design problems exclusively: Portable by Design. 


HIGHLY EXPERIENCED TECHNICAL ADVISORY COMMITTEE 


We have recruited 12 key design and project managers from successful manufactur- 
ers of portable products to identify the topics that need to be addressed in our confer- 
ence and to set the standards for the technical papers to be presented. 


70+ ‘TECHNICAL PRESENTATIONS WILL COVER: 


Macroprocessors/Controllers Batterzes Input Devices 
Operating Systems Connectivity Thermal Management 
Application Software Displays Ergonomics 

Power Circuits/ Management Storage/Peripherals PCMCIA 


Portable 
Design 


February 14-18 

Santa Clara Convention Center 
Santa Clara, CA 

For a brochure use the 

reader service number below 

or call (201) 393-6075 
FAX(201) 393-6073 


' An ELECTRONIC DESIGN Production 





WORKSHOPS: 
Accelerated Design, Ergonomics, EMI/RFI/ESD 
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| inThe Word Hybrid 
Microelectronics, Bigger Is Better. 


When you're wrestling to find space for a hybrid on 
a packed board, you want the smallest, lightest product 
you can find. 
hen you're looking for small, lightweight 
- ~~ hybrids in large quantities, 
you need the capabilities of 
a big, powerful company. 
A company that can handle 


Raytheon currently produces over 
400,000 high-reliability hybrid 
\\ assemblies a year, including MCMs, 
ee ANN as well as MIBs (Multilayer Inter- 
Pm \\\ \\\ WY \\ connect Boards, SEM-A through E). 
high-reliability and high-volume at the same time. 
Raytheon is the largest manufacturer of high- 
reliability hybrids in the world. Our fully-integrated, 
MIL-STD-1772 certified facility is dedicated to the design, 
production and testing of hybrid microelectronics, an 
includes more than 130,000 square feet devoted to fully 
automated manufacturing, with more than 75% better 
than Class 100,000. 


We use high-precision robotic assembly, automated 
100% wire bond pull testing, automatic parametric test- 
ing, and automatic vision systems for 100% inspection. 
As a result, we can handle high-volume production of 
hybrids that meets virtually any system requirements. 
We could even double our hybrid production, without 
sacrificing quality or reliability. 

When it comes to hybrids themselves, small is beau- 
tiful. But when you're selecting a company you can rely 
on to supply you with those miniature hybrids and still 
maintain high-reliability at high-volume, bigger is defi- 
nitely better. 

To learn more about our high-reliability hybrids, call or 
write for technical support and applications assistance. 
Raytheon Company, Quincy Operations Division, 

465 Centre Street, Quincy, MA 02169. (617) 984-4 104. 
FAX: (617) 984-4199. 


Raytheon 


WE THRIVE ON CHALLENGES 
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SIGE HETEROJUNCTION BIPOLAR TRANSISTORS 
ForRM A CURRENT-OUTPUT DAC THAT OPERATES 
ON JUST ONE WATT OF POWER. 


12-BIT DAC RUNS AT 1 GHZ, 
PUTS 20 MA INTO 50 2 


FRANK GOODENOUGH 


n an industry driven by rapid tech- 
nology developments, it’s easy to get 
jaded by endless announcements of 
faster, smaller, and cheaper ICs. But 
every so often, a technology appears 
that can truly be considered a 
“breakthrough.” Such a breakthrough was 
evidenced at last December’s International 
Electron Devices Meeting: IBM and Analog 
Devices announced their collaboration on ap- 
plications for IBM’s recently developed 





unique process that produces silicon-germa- 
nium (SiGe) heterojunction bipolar transis- | 


tors (HBTs) (ELECTRONIC DESIGN, Dec. 2, 
1993, p. 48). Essentially, these HBTs reinvent 
bipolar semiconductor technology. 

The transistors combine f,s beyond 110 
GHz with beta-Early-voltage (BV ,) products 
beyond 48,000. An earlier version of these 
transistors, which carried a lower combina- 
tion of cut-off frequency and BV,, provided 
Thomas Tice, Analog Devices’ IC designer, 


with the device he needed to design a 12-bit © 


current-output digital-to-analog converter ».. 


(DAC). The new silicon-germanium DAC, 
which is the fastest to date, provides a new 
analog output at a frequency of 1 GHz but 
needs less than 1 W of power from a 5-V pow- 
er-supply rail (F’g. 1). 

IBM fabricated the DAC on &-in. wafers, 
using a process compatible with 0.25-um 
~CMOS. Called the D1000, the DAC’s full-scale 
output current is 20 mA with a compliance 
voltage of one. That is, it can develop 1-V 
pulses across a load of 50 2 with rise and fall 
times of less than 300 ps, or 500 mV across a 
load of 25 O (Fig. 2). (Figure 2 is taken on a 
digital storage oscilloscope with an input im- 
pedance of 50 2. However, the DAC’s output 
impedance, resulting from its R2R network, 
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is also 50 2. Thus, the D1000’s 20-mA output 
current only develops 500 mV across the os- 
cilloscope’s input.) 

The performance of the D1000, a true IC 
built with 2854 SiGe npn HBTs and 1465 poly- 
silicon resistors, is a function of the SiGe 
HBTs built on IBM’s unique ultra-high-vacu- 
um/chemical-vapor-deposition (UHV/CVD) 
process (ELECTRONIC DESIGN, Jan. 10, p. 69). 
IBM built digital ICs on the process contain- 
ing over 30,000 transistors. The story behind 
bp ES F GN 
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2. WHEN THE SILICON- 


germanium DAC’s input is toggled 
between all ones and all zeros at high 
speed, its 0-to-20-mA output produces a 
500-mV signal across 25 12, with rise and 
fall times of about 300 ps. 


the development of the D1000, and 
its SiGe process, is as fascinating as 
the high-speed DAC and the process 
itself. 

An IBM team led by Dr. Bernard 
Meyerson spent the last decade de- 
veloping the UHV/CVD process at 
IBM’s T.J. Watson Research Center, 
Yorktown Heights, N.Y., with major 
results coming over the last six 
years. However, during this time, 
the team’s original goal of develop- 
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4-bit MSB decoder 


1. THE SILICON-GERMANIUM D1000 DA 
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2:1 digital multiplexer 





ing ultra-fast bipolar, digital transis- 
tors for supercomputer ICs died. 
Consequently, they felt the project 
had ended, because the massively 
parallel architectures made possible 
by the speed and density of submi- 
cron CMOS was deemed the way to 
go for higher supercomputer perfor- 
mance. Rather than kill the HBT pro- 
ject as the “old” IBM organization 
would have done, the IBM team rec- 
ognized that their transistors of- 
fered added attributes for many ana- 
log applications. As a result, the [IBM 
team contacted the process gurus at 
Analog Devices, forming what is 
now a two-year alliance. 


BeETA-V PRODUCT 

In addition to their mind-boggling 
speed, the SiGe HBTs provide the an- 
alog designer with BV, products 
several orders of magnitude greater 
than those of much slower silicon bi- 
polar junction transistors (BJTs). 
The greater the BV, product of a bi- 
polar transistor, the better the cur- 
rent source that can be built with it. 
To that end, the D1000 uses at least 
23 current sources: 15 for the four 
decoded most-significant bits 
(MSBs), and 8 for the remaining 
least-significant bits (LSBs) that 
drive a binary-weighted R2R net- 
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C employs 23 precision current sources, 15 for the decoded 4 most-significant bits 
and 8 for the remaining 8 least-significant bits. The current sources drive an R2R ladder network. Toggling the 2:1 digital multiplexer on the 
DAC’s input with an ECL clock permits switching the DAC’s input word between any two codes at maximum speed. 















































work (Fig. 1, again). Each of the 28 
current sources consists of 8 sepa- 
rate current sources. 

Work on the DAG, the first IC built 
with the SiGe HBTs, started about 15 
months ago. The decision to build it 
was based on a very practical com- 
mon-sense philosophy: Find out if 
these SiGe transistors really can be 
used to build high-performance ana- 
log ICs. Then build a 12-bit DAC with 
the available HBTs, and see how well 
it plays. 
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3. UPDATING THE p1000's 
digital input at 1 GHz yields a 1-V square 
wave across 50 2. Parasitics limit the 
maximum update rate. 
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Do you get 24-bit true color at 1024 x 768 resolution 
from your PC graphics designs? | 





You can with TI's TVP3020. 


The 64-bit, low-cost 


The TVP3020 from Texas Instruments is 
the industry’s first video interface palette 
to offer a 64-bit pixel bus plus a separate 
VGA port, making it an excellent choice 
for PC graphics/Windows™ accelerators. 
And it’s flexible. The TVP3020 is available in 
three speed grades of 135 MHz, 175 MHz 
and 200 MHz so its benefits can be achieved 
on engineering workstations and color 
X-terminals as well. 


TVP3020 Color Depth and Resolution 


Max. number of colors* 
Typical 
32-bit pixel 
bus palette 


Approximate 
dot-clock 
(72 Hz frame rate) 


Screen 
resolution 


64-bit pixel 
bus palette 
(TVP3020) 


16 million 
(24-bit true color) 
64K 
(16-bit true color) 


64K 
(16-bit true color) 


1024 x 768 85 MHz 64K 


1280 x 1024 135 MHz 256 


1600 x 1280 200 MHz N/A 
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Wipe 


If you need it 


¢ More colors at 
high resolution 


e Simplified VGA 
interface 


e High-screen 
resolution 


e Faster graphics 
performance 


e Lower cost exter- 
nal TTL PLL 


e More accurate 
color rendition 


e Control of overlays 
for multimedia 





TVP3020 


200MDN 


We've got it 
e 64-bit pixel bus 


¢ Separate VGA port 


e Dot clock up to 
0 MHz 


e Hardware cursor 


e Internal frequency 
doubler 


e Gamma-corrected 
true color 


e Color-key 
switching 








The TVP3020 allows flexibility in 
designing photo-realistic graphics systems 
up to 16 million colors. It enables you to 
support 24-bit true color at 1024 x 768 as 
well as 16-bit true color at both 1280 x 1024 
and 1600 x 1280 with a single design? 


TVP3020 
Part Number 
TVP3020-135MDN 
TVP3020-175MDN 
TVP3020-200MDN 


Price* 
$36.00 
$84.00 
$100.00 


Speed 


135 MHz 
175 MHz 
200 MHz 


The TVP3020 is already supported by 
some of the world’s top PC graphics controller 
manufacturers. [If you’re ready to move to the 
next generation of video interface palettes, 
just return the reply card. Or fax us at 
886-2-377-1460. We'll help you get to the 
next level of graphics performance for less 
than you might expect. 
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™ Total Integration and Extending Your Reach With Total Integration are trademarks of Texas Instruments Incorporated. 
Windows is a trademark of Microsoft Corporation. 
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*Suggested resale price per unit in quantities of 1,000. 


Tom Tice of Analog Devices’ 
Greensboro Group was given access 
to npn HBTs with an f, of 46 GHz and 
a BV, product of 1925. Rather than 
come up with a completely new de- 
sign, he chose to emulate the archi- 
tecture of the AD9712, Analog De- 
vices’ 100-MHz/12-bit current-out- 
put DAC which puts out a current of 
20 mA. The AD9712 is built on a high- 
speed bipolar process with an f, of 
about 3 GHz. Both DACs are ECL- 
compatible. 

When the first wafers with their 
D1000 chips came out of the IBM fab- 
rication facility, they were diced and 
mounted in ordinary ceramic 44-pin 
leaded packages (JLCC) with the 
knowledge that package and test- 
wiring parasitics would limit the 
DAC’s performance. To ease the 
task of testing typical DAC parame- 
ters at high clock rates, a 12-line 2-to- 
1 digital multiplexer was built on the 
D1000’s front end (Fig. 1, again). 

At low speed (essentially de), two 
different 12-bit words are applied to 
the digital multiplexer’s pair of 12- 
line inputs. The digital multiplexer’s 
12 outputs (the DAC’s 12 digital in- 
puts) are toggled between the two in- 
put words at high clock rates. The 
two 12-bit input words can range 
from between any pair of adjacent 
LSBs and a swing from zero to full 
scale (form all ones to all zeros or 
vice versa). 

The chip was hooked up and test- 
ing started at a frequency of 100 
MHz. It worked, or as someone said, 
“it looked like a DAC,” so the clock 
rate was raised to a frequency of 200 
MHz. This process continued, in- 
creasing the clock rate 100 MHz ata 
time until it reached a frequency of 1 
GHz (Fig. 3). 

Beyond that frequency, the de- 
signers no longer had the required 
test equipment. The full 1-V output 
Swing was developed across the 50-2 
source impedance and examined 
with a high-impedance oscilloscope 
probe. 

The D1000’s 1-GHz update-rate 
specification is based on the avail- 
able test equipment, and could very 
well be faster. As a result, additional 
characterization is underway. The 
DAC’s glitch-impulse is less than 5 
pV-s, about the same as clock feedth- 
rough when the data isn’t changing. 
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Update rate = 750 MHz | 
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4. DRIVING ALL 12 bits of the 
D1000 directly from a 12-stage ECL 
counter running at 750 MHz will apply all 
4096 codes to the digital input. This 
creates a ramp that confirms the DAC’s 


ability to read every code. 


13 mm 


Driving the DAC directly (not using 
the multiplexer) from a 12-bit ECL 
counter running at a frequency of 
750 MHz results in a ramp, confirm- 
ing the DAC’s ability to read all 4096 
codes (Fig. 4). 

Like most of today’s high-resolu- 
tion DACs and the silicon device it 
emulates, the SiGe D1000 combines 
segmentation of the MSBs with a bi- 
nary-weighted R2R network for the 
LSBs. Both the 28 current sources 
and the 28 high-speed current 
switches (shown as mechanical 
switches in Figure 1) are constructed 
with the HBTs, on-chip ECL-compat- 
ible decoding and latching circuits, 
and 2:1 test-multiplexer circuits. 

Unlike the device it emulates, the 
D1000 has neither a reference nor a 
reference-control op amp. Thus, off- 
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5. THE PAIR OF TINY 12-BIT D1000 Dacs dower right) represent one of the 





many different analog devices built on a 13-mm” test die. Others include a pair of D1000s 
with a test multiplexer (lower left) and an ADC (lower-left corner). 
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é Imagine Shooting Through 
ymplex Design Tasks With Viewlogic 
On Alpha AXP UNIX Workstations. 







































SHAMAN: 
ViewSim : 
vctuata drenitecsutn MH TATE Filstome, dmasin. vid = 
e Pmeasn SHES OCHEC ALL PROCESS tiny: Fws indy eeee eae : 


Mh 


ee Vib Wigh vig 
(eaeer 


















Crary viewstat 























Sin Stob:o MeuStoteriit:: sipuwer oo AykAtiine = Yate Saute Moruiar oo Heavigaite Analyzer. iit. 
Sfuace cds Execution tee: S0.Ona + fo Contust Stark ty TERE ALL PROCESSIPACK: DMASIMG: | 
aie us St BROS 3 OGohag Sis i Digit ts S Ripeth aes ities 











ile eo tie ve a 







fa MSPadat oo 


TAO: es HR A 


eres Sais... Severe ners 


Sehiehs: 


iS |shek na baatond ae a Met 





i 














unsurpassed, chg 


ro 


Multiplex 


Data BUS 
Pulse 
Transformers 


MIL-STD-1553 


See EEM 

or send direct 

for Free PICO Catalog. 
Call toll free 800-431-1064 
in NY call 914-699-5514 
FAX 914-699-5565 


] CO Electronics, Inc. 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
READER SERVICE 139 


pelivere week 


gtock *° 


BAiELECTRONIC 








a or 
SiGe 1-GHz, 12-BIT, 1-W DAC 


chip circuits are required. Develop- 
mental pnp transistors have been 
built on the process, however, so fu- 
ture HBT DACs can be made com- 
plete with references. 


FIBER To THE HOME 


Any IC designer routinely using 
today’s high-speed bipolar analog 
processes with their poor BV, prod- 
ucts knows the appliation in which 
they would like to use these HBTs. 
The same goes for the new UHV/ 
CVD process that’s used to build 
these devices. 

For example, although the D1000 
represents a “technology demon- 
stration’’ and immediate applica- 
tions for it weren’t expected, it has 
already found a niche to fill—fiber- 
to-the-home links in Eastern Europe- 
an countries. In this area of the 
world, the telephone infrastructure 
is being done over literally from the 
ground up. The HBT DACs will be 
located at the end of the glass fiber 
line where they will convert a high- 
frequency digital signal, encoded 
with TV, voice, and data, to a fre- 
quency-division-multiplexed analog 
signal. In this application, DACs will 
be used in die form in a multichip 
module (MCM). As a result, package 
and chip interconnection parasitics 
will be at a minimum. 

The D1000 should also find appli- 
cations in direct-digital synthesis 
(DDS), where it can create modulat- 
ed high-frequency (RF) sine waves 
for receivers and transmitters from 
digital words. DDS, which repre- 
sents the major application for the 
100-MHz AD9712 (which the SiGe 
DAC emulates), is suitable particu- 
larly in spread-spectrum and other 
digital RF communication applica- 
tions. The D1000 should prove useful 
at frequencies from 100 MHz and up. 
At lower frequencies, package para- 
sitics will be less of a problem. 


Pure RF 


The SiGe process not only lends it- 
self to RF applications in devices like 
this DAC, but it should also find 
homes in a number of pure RF appli- 
cations now served by gallium-arse- 
nide (GaAs) devices. These include 
RF amplifiers, modulators, and de- 
modulators in transmitters and/or 
receivers for cellular and cordless 
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telephones, as well as other present 
and upcoming consumer products. 
Asaresult, Analog Devices formeda 
group within the company expressly 
for the design and marketing of such 
ICs (ELECTRONIC DESIGN, Dec. 2, 
1993, p. 14 and p. 28). 

The size of the D1000 die relative to 
the size of typical die from its process 
indicates the degree of advancement 
the process brings to the analog are- 
na. As noted earlier, the D1000 is built 
on 8-in. wafers designed to build 0.25- 
um CMOS ICs of thumbnail size as 
well as larger-size die. 

Most semiconductor companies 
use what they call test wafers for de- 
velopmental chips. Each wafer con- 
tains multiples of a number of differ- 
ent ICs rather than just one IC. How- 
ever, the analog die (and IBM test de- 
vices) are so small that Analog 
devices and IBM are using test die 
that each contain multiple ICs (F7g. 
5). This joint Analog Devices/IBM 
test die is 18 mm on a side with virtu- 
ally all devices in the lower half de- 
signed by Analog Devices. 

The DAC1000 without the multi- 
plexer (lower right) is a mere 2 by 2.7 
mm. The D1000 with the multiplexer 
(lower left) is about twice that size. 
The open area on the die, to the left of 
the DAC, contains the 24 input lines 
to the multiplexer. The test die also 
contains an ADC, half a dozen com- 
parators, several RF ICs, a transis- 
tor array, and a number of ECL cir- 
cuits. The comparators take about a 
quarter of the area required by the 
D1000 without the multiplexer, and 
the RF ICs take about one third the 
area. The individual ICs are cut from 
the die with a saw. 


PRICE AND AVAILABILITY 
The SiGe D1000 is only available in die 
form. For additional information con- 
cerning price and availability, call Tom 
Gratzek at (910) 605-4232. 

Analog Devices Inc., 7910 Triad Center 
Dr., Greensboro, NC 27409; (910) 605-4233. 
For information on RF applications for 
the SiGe HBTs, call Doug Grant at (617) 
937-1481. 

Analog Devices Inc., 181 Ballardvale St., 
Wilmington, MA 01887-1024; (617) 937- 
1481. 
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Two Things You Never Seem to Have Enough of: 





No to worry; we’ve got plenty of both. Introducing 
the DS164x Timekeeping RAM series, real-time clocks 


combined with nonvolatile RAM in a single, space-saving 


Device |NV Packade di 
Number |RAM Type Replacement for 


12K x8 


package. 


Because you probably have 
stuff you want your system aed 
to remember along with the 
time, the DS164x series of- 
fers a whole range of 
memory densities. Starting 
at 2K bytes and going all the 
way up to 128K, with even 
larger densities coming soon. Now your 
customers can upgrade systems in the 
field with higher NV RAM densities if the 
software requirements grow more com- 


plex. (And they always do.) 


Because all packages are JEDEC-com- 
patible, they can be easily plugged into 


ROM, EPROM, and EEPROM sockets. 
4401 South Beltwood Parkway ° 


Time “a 


DS1643 [8K x8 28-Pin 48T08 
Encapsulated DIP 
DS1644 |[32K x8 |28-Pin : 
Encapsulated DIP| } Nothing, Zip, Nada. 
DS1646 [128K x 8 [32-Pin Nobody else offers 
Encapsulated DIP 


Dallas, Texas 75244 ° 


d. Memory 











DALLAS 
¢ 0S1644 
> Timekeepin 
RAM P g 








And presto! Suddenly your system knows the time, along 
with configuration data, setup info, number and type of 
add-in boards, resident software ... whatever you need. 
Thanks to a self-contained 
lithium energy source, the 
clock and NV RAM retain 


24-Pin data over 10 years in the ab- 


Dual-In-Line © 
sence of system power. 


Which is longer than the use- 


ful life of most equipment. 


densities this high. | Timekeeping RAMs incorpo- 
aA rate the real-time clock regis- 
ters in the uppermost eight bytes of the 
memory map. These registers provide year, 
month, date, day, hours, minutes, and sec- 
onds data in 24-hour BCD format. They 
correct for day of the month and leap year 


automatically. 


If you could use more time and memory, 
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DESIGN APPLICATIONS 


THE PROPER CHOICE OF ALGORITHMS 
AND EFFICIENT MAPPING ARE KEY 
To SQUEEZING PERFORMANCE FROM 

MULTIPROCESSOR CHIPS AND BOARDS. 


HARNESS MULTIPROCESSING 
POWER FOR DSP SYSTEMS 






hile single-processor digital signal processors are 
the computational engines for such applications 
as disk controllers, cellular telephones, and con- 
sumer devices, even greater speed and more chal- 
lenging applications can be addressed with the 
power of multiprocessor digital-signal-process- 
ing (DSP) chips and boards. Actually, the computational power available from 
DSP implementations increases with integration, from single-processor chips, 
to multiprocessor boards, to multiprocessor chips and boards. However, the key 
to exploiting this power is properly selecting and mapping algorithms. 

Significant performance increases in signal processing can be achieved with 
algorithms that are tailored to multiprocessor implementations. For example, 
on a multiprocessor system, the Fourier transform can be implemented in O(N) 
cycles, in contrast to single-processor implementations that are O(N x N), or 
O(N X logN) at best. Also, convolving, or FIR filtering, of multiple sections of a 
signal can occur simultaneously. Dynamic time warping, the frequent nemesis 
of rapid signal processing, takes place at high speed using parallel computation. 
Signal classification employing popular template matching techniques can be 
performed simply and quickly by delegating the various template vectors to dif- 
ferent processors and broadcasting the unknown vector to be identified. Most 
importantly, multiprocessors can perform an entire sequence of computations 
that compose a total solution. For instance, spectral processing transforms the 
signal from the time-amplitude domain to the frequency-decibel domain. 

This article will use the CNAPS chip from Adaptive Solutions to illustrate the 
principles behind mapping DSP algorithms to multiple processors. The multi- 
processor CNAPS provides 64 processors on a 1-in.? chip. Each individual pro- 
cessor functions as a digital signal processor performing 16-bit, fixed-point 
arithmetic at 20 MHz, which is an aggregate potential equivalent to a single- 
processor performing at 1280 MHz. 

The computations performed are orchestrated within a SIMD architecture, in 
which the same sequence of instructions is executed on different sets of data. A 
single program broadcasts the same sequence of instructions to each processor, 
which in turn operate on the unique data in their distributed memories (Fig. 1). 
Common data (typically a second operand) can be broadcast from a shared 


TOBY SKINNER 
Adaptive Solutions Inc., 1400 N.W. Compton Dr., Suite 340, Beaverton, OR 97006; 
(503) 690-1236. . 
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“YOUR FREE 


CATALOG 
KNOCKED MY 


SOCKS OFF” 


We get that sort of comment all the time. People are impressed that 
our free Consumer Information Catalog lists so many free and low-cost 
government booklets. There are more than 200 in all, containing a 
wealth of valuable information. 








They tell you how to make money, how to save money and how to 
invest it wisely. They tell you about federal benefits, housing and 
educating your children. They fill you in on nutrition, jobs, health, cars, 
travel, and much more. 


Our free Catalog will very likely impress you, too. But first you have to 
get it. Just send your name and address to: 


Consumer Information Center 
Department KO 
Pueblo, Colorado 
81009 










Consumer 
Information 


A public service of this publication and the Consumer Information Center of the U. S. General Services Administration 








& “Trade shows are valuable, 






but I learn more from my 
industry publications.” 


Your customers and prospects 
agree that trade shows are worth 
attending. But they also agree 
that specialized business publica- 
tions are worth a great deal more 
to them. Because that’s where they 
find more of the important infor- 
mation they need to know. A 
recent study, conducted by the 
Forsyth Group, proves it. 

Almost 10,000 business and 
professional decision makers 
participated in the study. They 
were asked what sources they find 
most useful in providing informa- 
tion about the products and 
services they buy for their compa- 
nies. Trade shows, salespeople and 
direct mail were all well regarded. 
But overall, specialized business 
publications clearly took top 
honors. 

Trade magazines are also at 
the top of the list when you 
consider cost per contact. No 
other medium is more efficient. Or 
has more credibility. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017 


Where business P 
goes shopping. 
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MAPPING DSP ALGORITHMS TO 
MULTIPLE PROCESSORS 








Program 


Processor 1 


" 1. THE CNAPS MULTIP ROCESSOR architecture combines 64 processors on a 


Processor 2 Processor N 





1-in.” chip. Each individual processor functions as a digital signal processor performing 16- 
bit, fixed-point arithmetic at 20 MHz. This is potentially equivalent to a single processor 
performing at 1280 MHz. A single program broadcasts the same sequence of instructions to 
each processor, which in turn operate on the unique data in their distributed memories. It 
also can broadcast common data from a shared memory to all of the processors. 


memory to all of the processors. In 
addition, data in adjacent processors 
can be exchanged via a nearest- 
neighbor connection. Implicit in this 
SIMD architecture is a unified pro- 
gramming model that natu- 
rally integrates the power 
of the multiple processors. 
Boards containing multiple 
CNAPS chips can transpar- 
ently extend the SIMD 
structure to a total of 8 
chips, or 512 processors— 
the performance potential 
equivalent to a single-pro- 
cessor operating at 10 GHz. 

Harnessing the power of 
multiple processors re- 
quires the proper selection 
of algorithms and appropri- 
ate mapping of the algo- 
rithms to the target archi- 
tecture. The original matrix- 
vector multiply formulation 
of the Fourier transform 
more efficiently fits a multi- 
processor system than does 
the fast-Fourier-transform 
workhorse that was de- 
signed for traditional single 
processors. Selecting algo- 
rithms for solving systems 
of equations, either itera- 
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tively (Jacobi vs. Gauss-Seidel) or di- 
rectly (Gauss-Jordan Elimination vs. 
Gaussian-Elimination), requires a 
similar revisitation of algorithm 
choices. The goal is to minimize inter- 


Time series 


Fourier transform 


Real and imaginary frequency components 





2. FREQUENCY analysis typically employs the Fourier 
transform, an algorithm that determines the frequency 
components of a function originating in the time domain. 
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processor dependencies while maxi- 
mizing the use of the computational 
resources. 

The primary areas of signal pro- 
cessing include: frequency analysis, 
filtering, linear predictive coding, 
dynamic time warping, and classifi- 
cation. The following sections de- 
scribe the mapping of the principal 
algorithm in each of these areas to 
the CNAPS multiprocessor. Maxi- 
mum efficiency is achieved when an 
integrated sequence of algorithms is 
performed on the multiprocessor 
DSP system. 

The standard algorithm used to 
determine the real and imaginary 
frequency components of a time se- 
ries is the Fourier transform (F729. 2). 
As originally formulated, the algo- 
rithm is a matrix-vector multiply. 
The rows of the matrix are cosine 
and sine functions, and the number 
of periods in these functions in- 
creases with the row number in the 
matrix. Multiplying the time-series 
vector by the matrix produces a set 
of correlations, resulting in the cor- 
responding frequency-composition 
vector. While conceptually straight- 
forward, the matrix-vector computa- 
tion is O(N X N) for a single-proces- 
sor implementation. In 1969, Cooley 
and Tukey, noting the pat- 
tern of values in the cosine- 
sine matrix, formulated the 
fast Fourier transform, an 
iterative process that re- 
duces the single-processor 
computation to O(N xX 
logN).! 

On the CNAPS multipro- 
cessor system, the algo- 
rithm of choice for comput- 
ing reasonably-sized Fouri- 
er transforms is the original 
matrix-vector multiply for- 
mulation. Each row of the 
cosine-sine matrix is loaded 
on a different processor 
(Fig. 3). The time series ele- 
ments are then broadcast 
sequentially. The inner- 
products corresponding to 
the individual real and imag- 
inary frequency compo- 
nents are computed concur- 
rently using the single, 
broadcasted program. Re- 
verting to the straightfor- 
ward formulation of the 
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Fourier transform algorithm avoids 
the loss of precision inherent in the it- 
erative technique, and reduces the 
computation to only O(N). 

Using one CNAPS chip (64 proces- 
sors), the matrix-vector algorithm 
can compute a 82-sample complex 
Fourier transform in O(82) multiply- 
accumulates, as opposed to O(82 X 5) 
for the most efficient single-proces- 
sor solution. Thus, even if the clock 
speed of the single processor is dou- 
ble that of the multiprocessor, the 
latter solution is still more than twice 
as fast. 

A finite-impulse-response (FIR) 
filter is simply a convolution of a 
time series with a vector of weights. 
For example, if the value of each of 
the weights is 1/N, then the compu- 
tation is equivalent to a moving-aver- 
age, low-pass filter. 

On a multiprocessor system, mul- 
tiple sections of a time series can be 
filtered concurrently (Fig. 4). Vec- 
tors corresponding to separate sec- 
tions of a time series are first loaded 
onto different processors (F%g. 35). 
The vector of filter weights is then 
broadcast sequentially to each of the 
processors, which are multiplied by 
the corresponding time-series ele- 
ments according to the single pro- 
gram. Finally, the final inner-prod- 
uct sum is the new element value in 


Ii), Ii] = 


N 
S Thi] x COS-SIN [*,f] 


Input: 
time series 
Ti] 
l=1,2,...,N 


Output: 
real and 
imaginary 
components 
R[i] and Ii] 
l=t2...,We 
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4, A FINITE IMPULSE RESPONSE (FIR) filter is simply a convolution of a 


time series with a vector of weights. 


the resultant, filtered time-series 
sections. This process of broadcast- 
ing the filter weight vector and com- 
puting the resulting inner-product is 
repeated for each element to be fil- 
tered in the time-series sections. 
Using the CNAPS multiprocessor 
implementation, an O(M1 x M2 x N) 
process is accomplished with only 
O(M1 x M2) computations. For ex- 
ample, 500 processors (with filter 
length 10) can filter 500 times-series 
sections of length 100 with 1000 mul- 


Processor N 
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3. WHILE THE FAST FOURIER algorithm works best for single-processor DSP 


systems, a multiprocessor system’s algorithm of choice for computing reasonably sized 
Fourier transforms is the original matrix-vector multiply formulation. Each row of the 
cosine-sine matrix is loaded on a different processor. The time-series elements are then 
broadcast sequentially to obtain the real and imaginary components. 
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tiply-add operations. The same task 
takes 500,000 multiply-add opera- 
tions on a single processor. Conse- 
quently, the filtering is performed 
200 times faster on a 20-MHz, 512- 
processor system than it would be on 
a 50-MHz single-processor DSP 1m- 
plementation. 

Linear predictive coding of signals 
has proven to be a useful technique 
for a variety of applications, original- 
ly in geophysics and more recently in 
economics and speech processing. 
Conceptually, the motivation is to 
predict the (i+1) element of a time 
series from a linear combination of 
the previous p samples of the series. 
Other motivations include smooth 
(all-pole) modeling of frequency re- 
sponses and efficient, narrow-band- 
width encoding. 

The basic computations include 
autocorrelation of the time series, 
formation of a linear system of equa- 
tions from the autocorrelation coef- 
ficients, and solving that system for 
the predictor coefficients. The auto- 
correlation portion can be efficiently 
accomplished on a multiprocessor 
system by simply broadcasting the 
time series to the distributed memo- 
ries of a sequence of processors, and 
allowing for a one-element delay in 
the portion of the time series that’s 
received by the sequential proces- 
sors. The original time series is then 
rebroadcast in its entirety, and a dif- 
ferent element of the resulting auto- 
correlation vector is simultaneously 
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bedded control options, from $15 solution — 
requirements to 40MHz system needs. So 
there’s an IDT RISController solution for 
applications ranging from cost-sensitive, 
low-end laser printers to performance- 
intensive, high-end network nodes. 

System designers are virtually uncon- 
strained on the range of price/perfor- 
mance choices available today, all from a 
single, unified architecture. | 
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R3041" 








Poe $ 
REVIR OKT 


zoxascoue 





irced family of processors 
offering a full range of price/perfor- 
mance points. IDT makes it easy for 
system designers to implement a new 
product, then quickly develop higher- or 
lower-range versions to get to market 
faster than the competition. 


Development Support 

IDT offers an extensive selection of easy- 
to-use development tools that support all 
members of the family, including cross- 





Bus Interface 


/2 frequency bus option 
32-bit MUXed A/D 





“Using 68000 as baseline reference (1) running Laser Printer Benchmarks. _ 
R1ISController, R3041,R3051, R3052, R3081 are trademarks of Integrated Device Technology, Inc. 
All others are trademarks of their respective manufacturer. 


(800) 345-7015 A FAX: 408-492-8674 
ASK FOR KIT CODE 5081 
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compilers (for PCs, Sun®, and Mac*), 
ICE™, debug monitors, RTOSs, floating- 
point software libraries, and evaluation 
boards. This hardware and software tool 
commonality further simplifies new 
product development. 


Evaluate Your Options 

Call our toll-free hotline today to get a 
copy of the RISC Data Book, Applications 
Guide, a free 
RISController 
T-shirt, and 
ordering 
information on 
IDT’s 
RISController 
Evaluation Kits. 








Integrated 
Device Technology, Inc. 














Introducing the new EPLDs from Xilinx. 
Because products for the next generation 
shouldn't be designed with parts from the last. 
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When it comes to design 
engineering, you only have 
two choices. 

Make history. 

Or become history. 

So while we have nothing 
against PALs or TTL, may 


we suggest something a bit 
more up to date? 

Something that'll meet 
the hurry-up-get-it-out-first- 
and-make-it-smaller-and- 
faster-with-more-features 
demands of a whole new 


©1993 Xilinx, Inc., 2100 Logic Drive, San Jose, CA 95124. Europe, 44 (932) 349401; Japan, 81 (3) 297-9191; Asia, 852 (3) 721-0900. 
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generation of products. 
Like the new EPLDs 
from Xilinx? 


Our XC7300 family can 


Xilinx EPLD Benchmarks 


Our EPLDs have short pin-to-pin delays. So they're 
fast. And since they act just like PALs, your design 





tume is cut down to practically no time. 
do everything your PALs 
or discrete logic can do and 
then some. 

In less space, faster, and 
with less power. 

Just one Xilinx EPLD, 
for instance, can integrate 
dozens of devices, very, very 
quickly. With interfaces 
for ABEL? CUPL} and 
PALASM," and software 
that directly converts 
and optimizes PAL a, 
files, youcan use every- 
thing you've ever learned. 

And just consider what 
you ll get to work with: 
terrific speed, totally 
predictable timing, and 
guaranteed 100% routing, 
thanks to our thoroughly 
modern Universal Inter- 
connect Matrix.’ 

This latest advance 
allows you to engineer even 
the most complex functions, 
which along with higher 
product term utilization, 


boosts logic performance. 
In addition, our 7300s 
are the only EPLDs in this 
day and age with built-in 
Arithmetic Logic 
Units (ALUs, for 
short), so you can 
build adders, accu- 
mulators, and com- 
parators, easily. 
Since they also 
let you incorporate 
higher level sys- 
tem functions, our EPLDs 
are perfect for everything 
from simple controllers 
to complex synchronous 
state machines. 
You can count on a 
bright future, too. 
Because were the only 
: company with 
Stim, , asimple, 
if straight-for- 
/ ward upgrade 
' path to FPGAs. 
/ So call our 
“ 24-hour literature 
hotline at 800-231-3386 for 
a copy of our new PAL 
Conversion Guide and the 
name of the Xilinx rep- 
resentative nearest you. 
Because the times they 
are a’changin. And it pays 
to stay ahead of them. 


>. XILINX’ 


The Programmable 
Logic Company.” 
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DESIGN APPLICATIONS 


MAPPING DSP ALGORITHMS TO 
MULTIPLE PROCESSORS 


speed advantage isn’t 
as dramatic as for 


computed as an inner-product on 
each processor. 












To solve the small linear system of | other computations. Ait OA] AO X{1] BI1] 
equations (typically of order 20 or | However, when re- 
less), Gauss-Jordan Elimination | quired as part of a to- ee ee x M2] _ Biz] 
would be a prudent algorithm choice | tal application, the so- Gy) AGL MOA X[3] BI3] 
to implement on a multiprocessor lution of a modest lin- nat) A2)A.3) LG xi4] Bid] 
system. Interprocessor communica- | ear system of equa- 
tion is minimized and multiple pro- | tions is practical and For example, 


cessor activity is maximized. In the 
Gauss-Jordan technique, all of the 
off-diagonal elements are eliminat- 
ed, avoiding the back-substitution 
computation required in standard 
Gaussian Elimination. It yields a ma- 
trix and vector that require only one 
division computation for each ele- 
ment to produce the solution vector 
(Fig. 6). 

In mapping the Gauss-Jordan solv- 
er to the multiprocessor CNAPS sys- 
tem, one column of the coefficient 
matrix A[i,}]1s loaded into the memo- 
ry of each of the first N processors, 
and the coefficient vector B[i] is load- 
ed in the memory of the (N+1) pro- 
cessor (Fug. 7). To maintain consis- 
tency, the right-hand-side of the sys- 
tem of equations (the B[i] vector 
loaded in the (N+1) processor) must 
undergo the same algebraic manipu- 
lations as the A[i,j] matrix. 

Distributed across the multiple 
processors is the multiplication of 
each element in a matrix row by a 
scalar elimination coefficient. In ad- 
dition, the resulting values are added 
to the corresponding elements in the 
row of the matrix containing the ele- 
ment to be eliminated. Depending 
upon which element of the matrix is 
currently being eliminated, one of 
the processors computes the elimina- 
tion coefficient E and broadcasts it to 
all of the other processors. They, in 
turn, use the elimination coefficient 
as the scalar multiplier for their re- 
spective row element. After the ma- 
trix is completely diagonalized, the 
resulting N values in the (N+1) pro- 
cessor’s B[i] vector become the re- 
spective divisors for the diagonal ele- 
ments in the first N processors. This 
results in the solution vector, which 
has one element per processor. 

In performing the elimination pro- 
cess for solving a system of equa- 
tions on N+1 processors, only N/2 of 
the processors, on average, are ac- 
tively participating in the computa- 
tions. Thus, the multiprocessor 
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contributes to the 
speed of the overall 
solution. 

Dynamic time warp- 
ing is a process that 
determines the warp- 
ing function for align- 
ing two semantically 
equivalent time series 
featuring unique, non- 
linearly aligned time 
patterns (F72g. 8). The 
process proceeds by 
first breaking each of 
the time series into a 
sequence of short-du- 
ration units. Each unit 
is then characterized 
by a feature vector, 
such as the relative 
amplitudes of the frequency compo- 
nents that represent the composition 
of the unit of time. 

A matrix is then formed by placing 
the sequence of feature vectors rep- 
resenting each of the time series on 


M1 
Til =3 Wil <TH 
|= 


fori=1,2,...,M2 


Input: 
filter weights 
Wi 
i=1,2,...,M1 Processor 1 
TL 


Output: hoa 


time series 
T[j,i] 
N 
M2 


Gauss-Jordan elimination of element A[2,1]: 
E= - A(2,1]/A[1,1] 


A(2,J] = A[2,J] + A[1,J] x E 
for J=1,..,4 
B[2] = B[2] + B[1] x E 





6. THE BASIC computations for linear-equation solving 
include autocorrelation of the time series, formation of a 
linear system of equations from the autocorrelation 
coefficients, and solving that system for the predictor 
coefficients. Gauss-Jordan elimination is satisfactory in 
determining a small linear system of equations. In the Gauss- 
Jordan technique, all of the off-diagonal elements are 
eliminated, avoiding the back-substitution computation 
required in standard Gaussian elimination. The resulting 
matrix and vector require only one division computation for 
each element to produce the solution vector. 


orthogonal dimensions of the ma- 
trix. The matrix should be populated 
with the Euclidean distances be- 
tween the feature vectors corre- 
sponding to the node intersections in 
the matrix. The ideal warping pat- 


Processor N 


TIN, i] 





5. WHEN CONVOLUTION IS PERFORMED ona multiprocessor system, 


multiple sections of a time series can be filtered concurrently. Vectors corresponding to 
Separate sections of a time series are first loaded onto different processors. The vector of 
filter weights is then broadcast sequentially to each of the processors, and they are 
multiplied by the corresponding time-series elements according to the single program. 
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Ali,*] = Ali,*] + Al#,*]x E 
Bli] = Bli] +b [#] x E 
X(i] = Ali,i] /BLi) 


Output: 
solution 
X{i] 
i=1,2,...,N 
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7. WHEN MAPP ING THE GAUSS-JORDAN solver to the multiprocessor 


CNAPS system, one column of the coefficient matrix A [i,j] is loaded into the memory of each 
of the first N processors, and the coefficient vector B [il is loaded in the memory of the 

(N +1) processor. The process of multiplying each element in a matrix row by a scalar 
elimination coefficient is distributed across the processors. 


tern for nonlinearly aligning the two 
time series is determined by the mini- 
mum total Euclidean distance path 
to transverse the matrix nodes, from 
the bottom left to the top right (sub- 
ject to the algorithmically-limited op- 
tions available for reaching any par- 
ticular node). In the staggered-array 
algorithm, the options for reaching 
node [i,j] are from either node [i-1,j-2] 
or from node [i-2,j-1]. The node with 
the minimum accumulated distance 
is selected, and that distance is added 
to the Euclidean distance for node 
[1,]]. This becomes the accumulated 
total distance for node [i,]]. 

A multiprocessor DSP system can 
efficiently compute the feature vec- 


Equivalent, non-aligned time signals 


i ne \ ot 


tors, for example, as frequency com- 
ponents. Furthermore, the matrix of 
Euclidean distances can be comput- 
ed an order-of-magnitude faster ona 
multiprocessor system than on a sin- 
gle-processor system. This is done by 
first loading the feature vectors for 
one of the time series on successive 
processors. Then, the system se- 
quentially broadcasts the feature 
vectors from the other time series, 
and concurrently computes an entire 
row of Euclidean distances as each 
feature vector is broadcast. 
Transversing the matrix to deter- 
mine the warping function that ideal- 
ly aligns the two time series also can 
be performed using a multiprocessor 


Dynamic-time-warping 
alignment path 


system (Fig. 9). Following the con- 
current computation of the Euclid- 
ean distances, each successive pro- 
cessor calculates a column of the ma- 
trix. The computation proceeds by 
computing the accumulated dis- 
tances for each node in an entire row, 
all at the same time. 

To perform the required computa- 
tion, each node [i,j] in a row needs the 
accumulated distances from relative 
nodes [i-1,}-2] and [1-2,j-1]. This can be 
easily transmitted using the nearest- 
neighbor connection between adjoin- 
ing processors. Due to the regularity 
of the process, all nodes perform this 
relay of information concurrently. 
Each processor then independently 
determines the minimum of its two 
inputs, adding that minimum to its 
Euclidean distance to yield the accu- 
mulated distance for its node in the 
matrix. After performing this same 
concurrent computation on each 
successive row, terminating with the 
top row, the ideal path is declared to 
be the one with the minimum accu- 
mulated distance in the top row, sub- 
ject to normalization for path length. 
The multiprocessor CNAPS chip can 
use the nearest-neighbor connection 
to optimize the reduction operation 
to determine the minimum. 


TIME WARPING 


The single-processor version of 
dynamic time warping is an irregular 
process—it seeks to prune the com- 
putation while transversing the ma- 
trix. This is done to minimize compu- 
tation, perhaps at the expense of 
missing the optimal warping path. 
Successful mapping of the dynamic- 
time-warping algorithm to a multi- 
processor system involves maintain- 





into a sequence of units characterized by feature vectors. These vectors form a matrix that’s filled with the Euclidean distances between the 


- 8. DYNAMIC TIME warping is a process that determines the function needed to align two time series. Each of the time series is broken 


vectors. The warping funcOion is then determined as the minimum path of accumulated Euclidean distances in transversing the matrix. 
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ing a regularity in the computations 
required of each processor. This cap- 
italizes on the ability of multiple pro- 
cessors to concurrently compute all 
possible alignment paths. 

The most common form of classifi- 
cation is multi-template matching. 
Each template is defined by a fea- 
ture vector in M-dimensional space. 
The identity of an unknown vector to 
be classified is defined to be the clos- 
est match in the M-dimensional 
space, as determined by the mini- 
mum Euclidean distance (F%g. 10). 

A multiprocessor is the ideal com- 
putational resource for performing 
this type of classification. Each tem- 
plate feature vector (TP[i,j]) is load- 
ed into the memory of a different 
processor (Fig. 11). The unknown 
feature vector (UKN[j]) is then 
broadcast from the shared memory 
to all of the processors, which com- 
pute the N Euclidean distances 
(ED[i]) concurrently. The classifica- 
tion of the unknown feature vector 
corresponds to the processor having 
the minimum Euclidean distance. 

In arecent test, a 256-processor 6U 
VME CNAPS board was shown to be 
over 100 times faster than a single- 
processor solution when performing 
this type of algorithm for the signal- 
processing application of optical 
character recognition. 

For maximum efficiency, an entire 
application that encompasses a se- 
quence of computations must be per- 
formed on the multiprocessor. This 
amortizes the time involved in load- 
ing and unloading data to and from 
the distributed memories and the 
shared memory. Moreover, it’s es- 
sential to ensure that the sequence 
of operations comprising a total solu- 
tion can be mapped to the multipro- 
cessor using a common data struc- 
ture. This minimizes the need for un- 
productive data movement. Earlier, 
this article discussed determining 
the frequency composition of a time 
series. That computation is usually 
just one component in the transfor- 
mation of a time-vs.-amplitude func- 
tion into its corresponding frequen- 
cy-vs.-decibel function. 

The sequence of operations to 
transform the time series into the 
frequency series includes: applying 
a Hanning window to the time series, 
performing the Fourier transform 
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Dii,*] = 


E[i,*] + min 
{D[i-1,*-2], D[i-2,*-1]} 


Output: 
ideal path 
min {D[1,j]} 
ja1,2,.058 


D[i-1,N-2] 
D[i-2,N-1] 
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9, MULTIPLE PROCESSORS can compute the matrix of Euclidean distances an 


order-of-magnitude faster than a single-processor system can. This is done by first loading 
the feature vectors for one of the time series on successive processors. Then, the system 
sequentially broadcasts the feature vectors from the other time series, and concurrently 
computes an entire row of Euclidean distances as each feature vector is broadcast. 
Similarly, in determining the ideal warping path, each row of accumulated Euclidean 


distances is computed concurrently. 


on the Hanning-weighted time se- 
ries, squaring the resulting real and 
imaginary components, combining 
the adjacent real and imaginary 
pairs to compute the power spec- 
trum, and finally converting the 
power values to decibels (F2g. 12). 
Mapping this sequence of signal-pro- 
cessing computations to a multipro- 
cessor can be accomplished simply 
and easily (Fig. 13). 


Template #1 


Because the original matrix-vec- 
tor multiplication formulation will be 
used to compute the Fourier trans- 
form, the rows of the matrix are 
available to be pre-biased by the 
Hanning weighting. This effectively 
eliminates one of the computations. 
Now, consistent with the method for 
performing frequency analysis, one 
row of the Hanning-weighted cosine- 
sine matrix (HCS[i,j]) is loaded onto a 


Template #2 


cS 


Unknown 


Template #4 





10. THE MOST COMMON FORM of classification is multi-template matching. 


Each of the templates is defined by a feature vector in M-dimensional space. The identity of 
an unknown feature vector to be classified is defined to be the closest match in the M- 
dimensional space, as determined by the minimum Euclidean distance. 
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“Salespeople are often helpful, 
but my industry publications 
tell me more of what 
I need to know.” 


Your salespeople can be 
effective when they get to see a 
customer or prospect. But, ona 
day-to-day basis, the buying influ- 
ences you need to reach turn to 
specialized industry publications 
for more of the important infor- 
mation that helps them make 
buying decisions. A recent study, 
conducted by the Forsyth Group, 
proves it. 

In the study, 93823 business 
and professional buying influ- 
ences were asked what sources 
they find most useful in providing 
information about the products 
and services they purchase for 
their companies. The results were 
somewhat surprising. Overall, 
specialized business publications 
emerged as the source business 
people turn to first. In other 
words, trade magazines are where 
business goes shopping. 

Many other sources of infor- 
mation, including sales represen- 
tatives, direct mail and trade 
shows, have their place in the total 
marketing mix. But if you want to 
reach the highest number of quali- 
fied buyers at the lowest cost, 
specialized business publications 
are clearly the best choice. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017. 


~ —_— Where business ABP 
i = goes shopping. 


“Colon cancer is a disease that afflicts more than 
150,000 Americans each year and eventually kills over half. 
Yet, any doctor will tell you that with early detection, the survival 
rate could be raised to as much as 90%. 
Can advertising have the power to make people confront 
this disease, overcome their fear and actually consult their 
doctors about it? 


Lé You bet your life it can. 
f you qdou bt Take the case of the Advertising 
Council’s campaign against colon 
he power 







cancer. The first-ever study of public 

of a ave rti S n service advertising that actually iso- 
2 lated the impact of advertising from 

S U gee st other market elements ike the news, 


editorials and public relations. 


YOU COMSUIT — eezternescontced tm 
a doctor. 


in 10,000 households, at the equiva- 
lent of $21.3 million worth of air 
time, the average amount of donat- 
ed time behind Advertising Council 
spots. 

After six months of being 
exposed to one commercial, aware- 
! ness of colon cancer among adults 
| 40 and over rose from 11% to 29%. 

After a year, awareness 
reached 40%. 

The number of men who con- 
| sulted their doctors more than dou- 
bled to 15%. 

Now, if advertising can get peo- 
ple to see their doctors about some- 
thing as unpalatable as colon can- 
Herb Baum, Pres., Campbell North & South America and Chm. of the Advertising Council. = CQ, don't you think it can get people 

to consider your product? 
Oh, there’s one more thing. If you’re over 40, ask your 
doctor about colon cancer.’ 














American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, New York 
10017, enclosing a check for five dollars. You will receive our booklet /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 
to 6 weeks for delivery. 

This advertisement was prepared by Calet, Hirsch & Ferrell, Inc., New York, New York: Photo: Fred Weber. 






































You Need 
Tree City U 


Be trees add the soft touch of nature 
to our busy lives. They cool our 
cities, fight pollution, conserve energy, 
give wildlife a home, and make our 
neighborhoods more liveable. 

The trees on city property, along 
streets and in parks, are an essential part 
of the urban forest. To keep these trees | 
healthy and abundant, your town 
needs an organized program for I 
their care...an annual action 
plan to plant and prune the 
city’s trees, and to main- 
tain their health. 

You can make a 
difference — by plant- 
ing and caring for trees 
in your yard and in 
your neighborhood, 
and by encouraging 
your city government's 
community forestry 
program. 

Support Tree City 
USA where you live. For 
your free booklet, write: 
Tree City USA, The 
National Arbor Day 
Foundation, Nebraska 
City, NE 68410. 


The National 
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M 
= (UKNG TP)? 
J= 


Input: 
unknown 
feature vector 


UKNIj] a, 1 


j=1,2,...,M 


Output: 
classification 
min {ED[i]} 
j=1,2...,N 


Processor 2 
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j=1,2,...,M 


type of classification. The classification of an unknown feature vector corresponds to the 


- 11. A MULTIPROCESSOR is ideal for performing the multi-template matching 


processor having the minimum Euclidean distance. 


separate processor. The 
time series is then broadcast 
to all of the processors. This 
results in the computation 
of the first real component 
on the first processor, and 
the first imaginary compo- 
nent on the second proces- 
sor. The system continues to 
alternate real and imagi- 
nary pairs out to the Nth 
processor that has comput- 
ed the Nth/2 imaginary 
component. 

The next operation in the 
sequence is to compute the 
power series. First, each 
processor squares its real or 
imaginary value, so that the 
first processor now contains 
the first real component 
squared, the second proces- 
sor contains the first imagi- 
nary component squared, 
and so forth. Next, each pro- 
cessor sends its value to its 
neighbor to the right and 
adds the received value to 
its own. Following this 
squaring, data transfer, and 
addition, the even-num- 
bered processors now have 
the values of the power 
spectrum. Each processor 
then converts its power val- 
ue to decibels using a loga- 
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Hanning weight 


Fourier transform 


Decibels 








rithmic table lookup, and the power 
spectrum becomes the desired deci- 
bel frequency series. The frequency 
values (F[i]) can be transmitted from 
the even-numbered processors and 
collected in the shared memory. Or 
they may stay distributed on the pro- 
cessors, ready for the next computa- 
tion in a yet larger sequence. 

An alternative mapping of the 
spectral processing computations 
may be appropriate when computing 
the decibel frequency responses for 
a sequence of time-series snippets. 
In this case, it may be more efficient 
to load a different time-series snip- 
pet on each of the processors, and 
then broadcast the transfer func- 
tions. The multiprocessor speed-up 
realized by this mapping is immedl- 
ately apparent. That’s because the 
single-processor solution performs 
the computations on each time-series 
snippet in sequence, while the multi- 
processor solution performs 
the computations on all of 
the time-series snippets at 
the same time (up to 512 con- 
currently). 

An entire speech recogni- 
tion application is imple- 
mented on the CNAPS mul- 
tiprocessor DSP system.’ 
The speech signal is cap- 
tured, digitized, and loaded 
into the CNAPS shared 
memory. The computational 
sequence includes spectral 
processing, phoneme classi- 
fication, and dynamic time 
warping, resulting in higher 
than 99% recognition. All 
computations are efficiently 
performed on Adaptive So- 


12. THE sequence of 


operations involved in 
transforming a time series 
into a frequency Series 
includes: applying a Hanning 
window to the time series, 
performing the Fourier 
transform on the Hanning- 
weighted time series, squaring 
the resulting real and 
imaginary components, 
combining the adjacent real 
and imaginary pairs to 
compute the power spectrum, 
and finally converting the 
power values to decibels. 
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dentify signal distortions before they occur. 


If the rigors of high performance design have you 
caught up in repetitive prototyping, break away with XTK 
(Crosstalk Tool Kit) from Quad Design. Simply stated, 


XTK is the most powerful and comprehensive signal integrity tool money 
can buy. It speeds your design cycle by pinpointing signal quality problems CJ LJ A & 


and predicting the effects of signal distortions prior to prototyping. C [) -E — | (SN 

XTK automatically extracts topology and electrical parameters from 
PCB and MCM layout systems, allowing rapid and accurate simulation of 
lossy transmission line and crosstalk effects for entire digital systems. This, 
in addition to its speed and accuracy, makes XTK an essential element in 
increasing the quality of your high performance designs while decreasing 
product debug time. : 

For an even greater impact on your design cycle, XTK will soon be 
augmented by QUIET,™ the industry’s first integrated EMI tool kit. QUIET 
will not-so-quietly predict radiated noise from PCBs. 

Avoid future shock by transvidiating with XTK. Call Quad Design at 
(805) 988-8250 and we'll send you a brochure on our whole fleet of 
predictive tools. 1385 Del Norte Road, Camarillo, California 93010... 
FAX (805) 988-8259. 





A Viewlogic Company 


*K transvidiate (trans vid'é at’) vt. -a ted, 

-a ting [TRANS (L. across, over ) + VID (L. videre, 
to see) + -IATE)] 1. to bridge the present and 
future by knowing all signal distortion effects of 
your digital circuit design before they happen 
2. to avoid future design mistakes while the design 
is still a vision 3. to exist in the future presently 
— trans-vid1-a'tion 0. 
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MAPPING DSP ALGORITHMS TO 
MULTIPLE PROCESSORS 


lutions’ CNAPS multiprocessor in 
real time.L] 

1. Time-to-real and imaginary 

2. Real and imaginary-to-power References: 

3. Power -to-decibels 1. Cooley, J.and Tukey, J., “An Algo- 
rithm for the Machine Calculation of 
Complex Fourier Series,” Mathe- 
matical Computing, April 1965. 

2. Skinner, T. , Matsuura, Y., and 


oe Miyazawa, H.,‘‘Massively Parallel 
Ti) DSP Technology as Applied to 

i= 1,2,...N Processor 1 Processor 2 Processor N Speech Recognition,” DSP Applica- 

tions, August 1993. 

Output: Toby Skinner, an applications en- 
frequency +} [A gineer at Adaptive Solutions, holds 
Fil. FIN/2] a BS in computer science from the 
i=1,2...,N/2 University of Wisconsin, Madison, 


and an MS in speech science from 
the University of Minnesota, St. 
Paul. 





13. THREE DISTINCT OPERATIONS must take place in the multiprocessing 


implementation that converts a time series into a frequency series. First, the system 
performs a Fourier transform. The transform is determined by broadcasting the time series 
to the processors, which contain the rows of the Hanning-weighted cosine matrix. The 
resulting real and imaginary pairs are used to compute the power Series, which is then 
computed as decibel values using a logarithmic table lookup. 


How VALUABLE? 
HIGHLY 


MODERATELY 
SLIGHTLY 
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Now that EEsof has merged 
with HP’s high-frequency 
design software operation, 
you re probably wondering 
what’s going to happen to your 
software investment. 


Plan on getting the most from it. 


Right from the start, HP-EEsof 
will support and enhance both 
the MDS and the Series IV pro- 
duct families. So the software 
youre using today will evolve 
with your changing needs. 


In the future, we plan to 
combine the best technology 
from each set of tools, without 


© 1994 Hewlett-Packard Co. TMSRSD404 


sacrificing key features. Your 
design databases and software 
customizations will be migrat- 
ed forward. And simulators, 
models, and libraries will be 
retained. All within a design 
environment that’s easy to 
learn and use. 


Of course, whether you’ve 
been using HP or EEsof soft- 
ware, you ll benefit from our 
combined R&D resources, 
industry knowledge, and global 
sales and applications support. 
In fact, you'll have a broader 
selection of high-frequency 
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design capabilities to choose 
from than ever before. 


So, plan on getting the most 
from your software investment. 
Call 1-800-343-3763. And we'll 
mail you more information 
about HP-EEsof solutions for 
high-frequency CAE. 


QD 


HEWLETT” 
PACKARD 








FAST Track to FAST SCSI 


90’s Challenges. The 90’s demand higher 90’s Products. After over a decade of 90’s Solutions. The SCSI challenges of 
levels of performance and faster delivery industry leadership, NCR is still working 90’s can’t be solved with silicon alone. N 
than ever. Time-to-market, technological hard to meet your needs and the challenges quality and service provide you with the 
demands, and changing user needs make of the 90’s. The NCR 53C90 family of SCSI competitive edge that can make your 
fast, simple SCSI seem as elusive as the Controllers is constantly evolving, industry leading designs a reality. Wheth 
horizon. To stay ahead in these challenging implementing and offering state-of-the-art you require SCSI-1 or fast SCSI-2, in any 
times, you need products you can count on, products. For example, the NCR 53C90 system architecture, NCR has the produc 
with proven ability to deliver the quality and family supports multiple bus architectures, meet your needs today. You can count o1 
reliability your customers require. advanced SCSI-2 commands, fast SCSI data to keep you on the fast track with the rig 
transfers and provides our exclusive technology, at the right price, at the righ 
TolerANT® SCSI driver and receiver time for all your SCSI requirements. 
technology, for reliable data transfers in 
every SCSI system. 


The NCR 53C90 Family 
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Single-bus architecture; SCS/ sequences controlled by 
hardware state machine to minimize host intervention 


Adds pass-through parity for increased system reliability 
Adds split-bus architecture for more flexibility 


— INCREASING SCSI RELIABILITY 
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Adds support for differential transfers 
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MOOTH PORTING AN EFFICIENT Port TO 


DAVID KLANN, 

STEVEN SCHULTHEIS, and DAVID SMITH 
Heurikon Corp., 

8000 Excelsior Dr., 

Madison, WI 53717; 

(608) 831-5500. 


NEW SINGLE-BOARD 
COMPUTERS HINGES ON 
HARMONIZING THE 
WORKINGS OF A 
REAL-TIME OS AND 
TARGET CPU. 


deally, a designer could rely on one procedure to 

port any real-time operating system to a single- 

board computer. Unfortunately, the architectures 

of the target OS and boards require that the design- 

er customize the sequence of porting steps, partic- 

ularly in deciding how the OS kernel is initially 
loaded into memory. Experience is needed to create the initial boot and add fea- 
tures and drivers to the OS image in memory without wasting time. 

To simplify your efforts in porting real-time operating systems to new CPU 
boards, let’s examine the porting process for a 68040-based single-board VME- 
bus computer, the HK68/V4D from Heurikon Corp. and two real-time operat- 
ing systems: OS-9 developed by Microware Systems Corp., Des Moines, lowa, 
and VxWorks from Wind River Systems, Alameda, Calif. 

Before starting to port, remember that the target hardware may not be per- 
fect, even if it has been tested. Basically, with new CPU boards, test software 
and procedures rarely exercise all of the hardware features, yet a real-time OS 
might. For example, tests of such features as serial ports, Small Computer 
Systems Interface (SCSI) ports, and Ethernet interfaces typically use simple 
polled I/O operations and often data loopback modes. As a result, the test code 
won't find bugs that arise when you transition to interrupt-driven I/O and 
connect with real devices. 

You may also encounter bugs even if a board has been tested and another 
real-time OS runs on the board. Because real-time OSs vary substantially in how 
they handle core features like clock-tick drivers and interrupt control, a hard- 
ware design that works with one OS may cause problems with others. Further- 
more, one OS may utilize more of a board’s features than another—for example, 
some OSs don’t use parity for memory and therefore wouldn’t reveal bugs in the 
parity hardware. 

Forewarned of bugs, you can begin the process of evaluating the target OS 
and CPU board and developing a porting strategy. To port efficiently, planning 
is just as important as the code development undertaken later. 

Operating-system vendors typically sell their software in a porting package 
that is specific to a microprocessor. This discussion assumes that you can buy 
the operating system in this form. Note that porting projects that start with 
source code and include porting the code to a new microprocessor are well 
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beyond the scope of this discussion. 

Note also that porting an OS toa 
target CPU board and deploying the 
CPU and OS with code for a specific 
application is a two-stage process. 
You first port the OS to the target 
CPU. Then the target is used as a de- 
velopment host or along with a cross- 
development host to develop the ap- 
plication for deployment. 

Try to buy a porting package and 
options that match your hardware 
closely. For example, many vendors 
offer board support packages that 
include all of the code comprising a 
port to a specific reference design. 
The vendors may also offer sample 


Initialize board to a known state 
Initialize memory controller and memory 
Configure PIG ASIC 
Configure SCID ASIC 
Clear memory to eliminate parity errors 


Initialize VIC64 to a default configuration 


Initialize 68040 MMU 

Disable internal 68040 data cache ~ 
Enable internal 68040 instruction cache 
Mask all interrupts 
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drivers developed for specific periph- 
eral ICs. Purchasing sample drivers 
that match your target hardware 
Saves substantial time. 

As a first step, make a table com- 
paring features of the target hard- 
ware with the features of the target 
operating system and the resources 
offered in port packages, board sup- 
port packages, and optional drivers. 
With such a table, you can quickly 
compare the minimal hardware fea- 
tures required to run an OS (typical- 
ly listed in the porting documenta- 
tion) with the target hardware fea- 
tures and the OS features. Such a 
comparison helps quantify the scope 


Autoboot sequence: 
Attempt to locate kernel on 
system devices based on 
a sequence stored in NV RAM. 
Try hard disk 
Try floppy disk 


Try backplane as VMEbus slave 
Try Ethernet if available 
Try RAM disk if available 


Perform memory search 
Initialize memory map 


Yes Do you want 
to use the 
debug monitor? 


Jump to debug 
monitor 


Load kernel from 
selected device 


Read board configuration data from NV RAM 


Initialize board based on NV RAM data 
Initialize VIC64 IC 
Initialize memory 


OS-9 
Prompt 


Get boot device from user 





1. A FLOW DIAGRAM helps designers clarify the target OS architecture and 
requirements for new code by considering the sequence of events in booting for the target 
OS. In this case, the OS-9 real-time operating system created by Microware Systems Corp. is 


the target OS. 
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of the porting effort. Most impor- 
tant, it’s the basis for laying out the 
sequence of steps to port the OS. 

To determine the best sequence 
for porting an OS, you must consider 
four key parameters: 

e CPU-board hardware implementa- 
tion 

e Binary and source modules offered 
by the OS vendor 

e Architecture of the real-time OS 

e Requirements of the target appli- 
cation 

A hardware/software comparison 
table gives a snapshot of the hard- 
ware features and OS features that 
can be related to a target application. 
For example, a general-purpose 
CPU board may have on-board Eth- 
ernet support as a standard or op- 
tional feature. Your application may 
require Ethernet or another LAN. 
And the target OS may or may not 
include Ethernet support as a stan- 
dard feature. Moreover, the OS ar- 
chitecture may rely heavily on a 
LAN for development or may simply 
offer LAN support as an I/O option. 

For instance, OS-9 doesn’t include 
network support as a standard fea- 
ture but Microware does offer op- 
tional Ethernet (transmission con- 
trol protocol/Internet protocol, or 
TCP/IP) support, including a sample 
driver for several chips, such as the 
82596CA Ethernet IC. Therefore, in- 
cluding Ethernet support in an OS-9 
port to a board that uses the 
82596CA IC would take little time. 

LAN support, though, isn’t re- 
quired in many OS-9 applications. 
OS-9 can be strictly ROM resident, 
and it can be booted from various I/ 
O devices that include LANs and, 
more typically, disk or tape drives. 
Therefore, even if your target appli- 
cation requires Ethernet support, 
development and porting of the Eth- 
ernet driver shouldn’t be an early pri- 
ority in the overall porting process. 

Conversely, the typical VxWorks 
software-development environment 
is LAN-based with a cross-develop- 
ment host, such as a Sun worksta- 
tion. You can use OS-9 in a similar 
manner, but the more typical config- 
uration is a OS-9-hosted develop- 
ment system. Because VxWorks is 
designed for LAN-based develop- 
ment, you want to get Ethernet 
working early in the porting process 
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Leave it to 


Hamamatsu to pack Sear lilest P| V — another overall performance 
big idea from Hamamatsu. 


the advantages of a 
PMT into a tiny 
TO-8 package that 
mounts directly on a 
printed circuit 
board. Imagine the big benefits it can bring to your 
space-critical applications. 


The new OPTO-8. 
PMT performance in a TO-8 package. 


Hamamatsu’s tiny OPTO-8 delivers performance 
that challenges the best visible 
and UV sensors ten times its 
size, including APDs. In fact, 
OPTO-8 requires less 
power, has greater gain per 
volt and temperature stability, 





and delivers better 


per unit of area 


than any APD. 

OPTO-8 also 
has such fast time 
response 
characteristics that it can redefine your system’s 
performance. And because it’s so small and easy to 
design with, you can capture PMT’ power in 
applications where you never could before. 

OPTO-8. Another big idea in visible and UV 
sensor technology from Hamamatsu. To discuss your 
needs with a Hamamatsu applications engineer, call us 


at 1-800-524-0504, Ext. 100. 


360 FOOTHILL ROAD, P.O. BOX 6910, BRIDGEWATER, NJ 08807 
International Offices In Major Countries of Europe and Asia 
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Jump to Boot ROM 

Initialize hardware as required 
Disable interrupts 
Set 68040 instruction cache on 
Set 68040 data cache off 


so that cross-development and -de- 
bugging tools can be used. With 
VxWorks, knowledge of the OS ar- 
chitecture correctly leads you to 
work on Ethernet early in the port- 
ing process even if your end applica- 


NetTask 
Get file from host 
Copy file to memory 
Jump to file 


tion doesn’t require Ethernet. This 
holds true if Ethernet isn’t included 
on your target hardware and a dedi- 
cated Ethernet board must be used 
in the VMEbus rack. 


Boot SEQUENCE 


The target OS architecture and re- 
quirements can be clarified for new 
code by considering the sequence of 
events in booting your target OS. 
Flow diagrams (Figs. 1 and 2) define 
a typical boot sequence for OS-9 and 
VxWorks. You need to determine 
how to put an OS image in the target 
CPU’s memory the first time and 
what code must be developed to ac- 
complish the task. 

You can count on only a couple of 
necessities as you plan the porting 
process. Usually you need a simple 
polled-I/O serial port routine that 
provides a link to a local terminal. 
Also required is an on-board monitor 
program that allows you to use a ter- 
minal to address memory locations 
from the terminal and to jump to a 
location and begin execution. 

When considering the code that 
you need to develop, start with the 
boot ROM. That’s because all sys- 
tems must have sucha ROM, though 
its size and structure may vary sig- 
nificantly. The boot ROM could in- 
corporate a number of functional 
modules, including hardware config- 
uration and initialization routines, 
parts of the OS kernel or file system, 
and simplified or full-scale drivers 
for boot devices. 

For example, the OS-9 boot ROM 
on the V4D board includes a setup 
routine that operates similarly to the 
setup capability used on IBM-com- 
patible personal computers. With the 
ROM routine, users can configure 
parameters like interrupt levels; 
choose among valid boot devices; and 
configure memory partitions with 
such parameters as cacheable or 
non-cacheable. 

OS-9 boot ROMs also include sim- 
ple drivers for all boot devices. The 
difference between the boot driver 
and the run-time driver varies from 
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Copy ROM decompressor to RAM 
Jump to RAM 
Run decompression on rest of ROM 
Transfer decompressed code to RAM 
Jump to new RAM location 
Set 68040 data cache on 
Clear bottom of RAM to bottom of kernel 
Clear top of kernel to top of RAM 
Initialize exception vectors 
Set dummy handler to restart on errors 
Call SysHwInitO 


SysHwintQ) 
Initialize remaining hardware 
(short of interrupt enable) 
Configure UARTs 
Configure VIC64 IC 
Size memory 
Call KernelInitQ) 


KernelInitO 
Spawn kernel as task 
Run user root under multitasker 
(interrupts aren't required for one task) 
Initialize heap 
Initialize 68040 MMU 
Use MMU to divide system heap 
Turn clock on 
Turn interrupts on 
Call System. int 


SystemInit() 
Initialize sysmbol tables 
Initialize standard I/O 
Initialize file system 
Initialize pipe drivers 
Read boot parameters from NV RAM 
Start NetTaskQ 


User application Execute user application 
or hell 
VxWorks shell? pieced 


Load symbol table from host 
Load file system from host 


Run user 
shell script 


Load and execute shell script 
Execute user application 
(with shell facilities) 


VxWorks 
prompt 





2. A FLOW DIAGRAM for VxWorks developed by Wind River Systems defines a 
typical boot sequence for the real-time OS. An important task for designers is determining 
what code must be developed for putting an OS image in the target CPU’s memory and 


deciding how best to implement it. 


device to device and OS to OS. In gen- 
eral, minimizing boot-driver size is a 
good idea because it saves ROM 
space. But in many embedded appli- 
cations, the ROM may be the only 
nonvolatile storage element on the 
system, thereby forcing you to in- 
clude run-time drivers in ROM. 

The serial driver included in an OS- 
9 boot ROM, for example, allows ter- 
minal operation and can even be used 
as a boot device. But the boot driver 
doesn’t make use of interrupts and is 
much less capable and smaller than 
the serial driver required at run time. 

Conversely, OS-9 boot drivers for 
SCSI disk drives and other devices 
should closely match the run-time 
driver. In fact, consider the driver de- 
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velopment a single project and use 
compiler switches to distinguish the 
boot code from the run-time code. In 
porting VxWorks, you needn’t dis- 
tinguish between boot drivers and 
run-time drivers because the OS 
needs support for all devices in 
ROM, whether you’re working in a 
development environment or deploy- 
ing asystem. 

The code that you create for a boot 
ROM will likely include assembly 
language to initialize the hardware 
and C for most other functions, in- 
cluding drivers. OS vendors typically 
incorporate sample boot ROMs to 
which you add hardware-specific 
code. Although a boot ROM starts 
the booting process, it may neither 
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“The remarkable thing is, when you think 
about McDonald's you've got to think about 
people. A friendly crew person welcoming 
you. Kids, moms and dads having a good 
time at McDonald's, even a funny clown 
named Ronald: Those pictures in your mind 

are advertising at work. 


“Without advertising, NE: * 


evenings aie Bait 
Ronal WaS just the name people to our customers 
of aformer president. tcome in and visit 
: 9 Personal, friendly, and 
= above all, real. 
ree I'm told there are 
<gy business people out 
there who dont believe 
in the power of advertis- 
ing. For them, two facts: 
First, McDonald's Is one 
of the most advertised 
brands on this planet. 
Second, McDonald's is 
the only company listed 
in the current Standard 
and Poor's 500 to report 
combined increases in 
revenues, income, and earnings per share for 
more than 100 consecutive quarters since 1965. 
Frankly, Ronald and | like to think there's 
a connection here.’ 






Mike Quinian, Chairman, CEO McDonald's (left) | 





American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, New York 10017, enclosing a check for five 
dollars. You will receive our booklet /t Works! How Investment Spending in Advertising Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Leo Burnett Co., Inc. 





be the best place to start an OS port 
nor the best way to initially load the 
OS image into memory. After consid- 
ering the hardware, the application, 
and the target OS, you should be able 
to develop a flow diagram for the 
porting process similar to the dia- 
grams for OS-9 (Fig. 2) and 
VxWorks (Fig. 4). 

As Fig. 4 shows, creating a boot 
ROM is one of the last required steps 
in porting VxWorks. VxWorks is 
more easily ported by using a board 
that already runs VxWorks in the 
same VMEbus rack as the target 
CPU. The operational CPU, with on- 
board Ethernet or used with a VME- 
bus Ethernet board, can download 
code into memory on the new target. 
The new target requires only a moni- 
tor that can map memory and jump 
to an address and begin execution. 


VERIFYING HARDWARE 

The early steps of the VxWorks 
porting process help verify basic op- 
eration of the hardware—ensuring 
that the target CPU can read and 
write local memory as well as VME- 
bus memory. If bugs occur in this 
phase, fix them with debugging tools 
(VMEbus analyzers, ROM emula- 
tors, etc.) and continue. 

This recommended sequence of 
steps 1s optimal for VxWorks ports 
for two reasons. First, VxWorks 
modifies processor resources, such 
as status registers and trap vectors, 
on startup. Therefore, the VxWorks 
ROM-based debugging monitor can 
get confused when you use it to set 
breakpoints or perform trace opera- 
tions. Using a second operational 
CPU offers primitive access to 
VxWorks debugging tools to exam- 
ine memory on the target and per- 
form the iterative steps necessary to 
get the target working. Early on in 
debugging, the developer needs to 
make liberal use of “printif” state- 
ments to memory so that the work- 
ing CPU can trace the operation of 
the new target. 

Second, VxWorks requires a 
cross-development host that commu- 
nicates with the target CPU through 
TCP/IP protocols—typically over 
Ethernet. The sequence of porting 
steps proposed here (including work- 
ing on Ethernet support early on) 
makes the full VxWorks debugging 
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environment available on the target 
CPU as early as possible in the over- 
all process. While the sequence 
doesn’t enable you to directly boot 
the target via Ethernet, the two- 
board scheme can be used to down- 
load a new OS image and run debug- 
ging sessions through Ethernet. 

While you could port OS-9 in a sim- 
ilar manner as VxWorks, the port 
will likely be faster following the 
steps outlined in Fig. 3. Because OS-9 
is a disk-based software-develop- 
ment host in its native mode, devel- 
oping a boot ROM and loading an OS 
image from disk or tape is a priority 
in most OS-9 ports. 

As a result, a recommended OS-9 
port process, therefore, starts witha 
tried-and-true development pro- 
cess—develop some code, burn an 
EPROM, test and debug the code in 
the EPROM, add more features to 
the code, and burn another EPROM. 
Experienced programmers can use 
this EPROM-based approach to test 
large segments of the boot code 
quickly. 

OS-9 does offer alternatives for 
less experienced software develop- 
ers. The OS allows the developer to 
first bring up a simple kernel via 
EPROMs and then incrementally 
add, debug, and test code that is 
downloaded via a serial port. 

In OS-9 ports (and VxWorks ports 
for that matter), the sequence of 
events outlined in Fig. 3 include in- 
termediate steps in reaching the goal 
of an initial boot. In fact, the simplest 
way of getting an OS-9 kernel image 
into memory is to boot from ROM— 
essentially executing a kernel that 
resides in ROM. The initial kernel 
won't have much support for the tar- 
get hardware included but will allow 
you limited access to the debugger 
included in the kernel. 

Regardless of how you attempt to 
first place an image of any OS in 
memory, early on you must develop 
code for hardware initialization. As a 
result, your progress depends upon 
specific hardware details, such as 
the type of clock and interrupt con- 
troller on the board and the board’s 
memory architecture. As in the OS-9 
boot sequence in Fig. 1, the ROM 
must immediately perform hard- 
ware initialization. 

In fact, a functional unit as simple 
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as a clock IC can slow your software- 
development progress as you ad- 
dress it for the first time. For in- 
stance, consider the TIC (Time In a 
Can) developed by Dallas Semicon- 
ductor, Texas. The TIC contains a 
battery, 512 bytes of nonvolatile 
RAM (NVRAM),. and a real-time 
clock/calendar. 

The compact TIC device employs a 
serial-like interface for access to the 
RAM and the clock. The V4D board 
interfaces the 68040 processor to the 
TIC through a serial connection han- 
dled by two ASICs—the PIG (Periph- 
eral Interface Gate) array) and SCID 
(serial connector interface device). 
They control the memory subsystem 
and provide timer facilities and 
UARTs for the CPU board. 

The only disadvantage to the TIC 
and the V4D implementation is that 
the serial interface results in rela- 
tively slow access to the clock and 
configuration memory; as a result, 
several seconds are required for 
writes that update all 512 bytes of 
memory in the TIC. The slow access 
typically isn’t a problem, though, be- 
cause systems read the TIC only af- 
ter a reset or upon power-up and 
write to the TIC only during rare sys- 
tem configurations. 


SERIAL RAM ACCESS 

However, the TIC may add other 
difficulties to the early stages of an 
OS-9 port because of the way in 
which data must be read and written 
to the device. The TIC calls for a se- 
ries of accurately timed pulses on a 
control line for RAM or clock access. 
So the code to initialize the V4D hard- 
ware must generate the correct tim- 
ing sequence for access. But OS-9 
boot sequences typically execute di- 
rectly out of ROM or EPROM. And 
ROM access speeds are low enough 
to keep the 68040 processor from ac- 
cessing instructions quickly enough 
to generate the timing sequence nec- 
essary to access the TIC. 

The ultimate solution, though sim- 
ple, isn’t necessarily consistent with 
typical OS-9 boot sequences. The 
boot-ROM code enables the 68040 in- 
struction cache and then makes a 
dummy access to EPROM, thereby 
copying key timing routines from 
EPROM into the cache. Executing 
out of cache, the processor can per- 
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form the timed access to the serial 
NVRAM and clock correctly. Typi- 
cally, however, the OS-9 boot ROM 
won't enable the cache because deci- 
sions on the use of the data and in- 
struction caches are left to the appli- 
cation programmer. 

Moreover, enabling the cache re- 
quires that the hardware initializa- 
tion code in the ROM perform addi- 
tional memory-management func- 
tions to prevent errors from sources 
like parity-checking hardware. De- 
spite these facts, enabling the cache 
causes no real problems because ap- 
plication programs can still manipu- 


late the cache configuration after 


boot. 

The TIC implementation on the 
V4D is a good example of how a sim- 
ple hardware feature can affect dif- 
ferent operating systems in com- 
pletely different ways. For instance, 
VxWorks in a typical configuration 
begins life by copying its ROM code 
into RAM. And executing out of 
RAM, the TIC initialization routines 
work fine with or without the in- 
struction cache enabled. 


SIMPLIFY DEVELOPMENT 


After loading the kernel, you can 
use the kernel tools to develop and 
debug a serial-port driver. In most 
cases, the code that controls serial 
communications with a local termi- 
nal during the early stages of the 
port is part of a ROM monitor on the 
target CPU board. What’s more, the 
monitor uses polled I/O operations 
and doesn’t resemble an OS serial- 
port driver in any way. 

To continue the OS port, you need 
to develop a serial-port driver that 
supports circular transmitting and 
receiving buffers, multiple baud 
rates, and interrupt-driven opera- 
tion. The serial-port driver is likely to 
be the first test of how the OS port 
handles interrupts. The driver code 
includes an interrupt service routine 
(ISR) that can respond to a kernel 
query to see if a serial port caused an 
interrupt. When a serial port causes 
the interrupt, the service routine 
must also handle the interrupt, such 
as by moving a character from a re- 
ceive buffer. The driver must also in- 
clude the hooks that application pro- 
grams use to access serial ports. 

Serial-port drivers are good exam- 
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ples of how the architectures of two 
real-time OSs can differ. VxWorks 
breaks the serial-port driver into two 
sections. The porting package in- 
cludes binary code for a generic 
block driver for serial devices. The 
binary driver contains the code that 
implements buffers, moves data, 
and makes calls to a set of device-de- 
pendent routines that address the 
UART on the target CPU. You porta 
driver by developing the routines 
that can address the UART, set pa- 
rameters such as baud rate and pari- 
ty, and read or write data. Of course, 
you get samples of these device spe- 
cific routines. 

OS-9, in contrast, implements the 
serial driver in a single code module 
and provides samples of serial-driver 
source code for specific UARTs. The 


Develop or acquire a monitor ROM 
that provides the following capabilities: 
A simple TTY terminal interface. 
The ability to jump to an address 
and start executing code. 


Develop assembly code that can 
initialize hardware to a known state. 


code required for either scenario is 
similar—in either case, you must add 
the device-specific routines. You 
may find debugging simpler, howev- 
er, with the entire source module. 


TRAFFIC J AM 
When you start debugging a seri- 


al-port driver, there’s the immediate 
obstacle of debugging code designed 
to perform with the serial hardware 
that’s used to simultaneously access 
the kernel and debugger. Fortunate- 
ly, most CPU boards and UART ICs 
include more than one serial port. 
You can configure the serial driver 
to use one or more ports that aren’t 
required for terminal activity and de- 
bug the driver. Later, adding sup- 
port for the terminal port, at most, 
exposes the risk of using the wrong 


Develop and debug a clock-tick 
driver and interrupt service routine. 


Develop boot drivers for initial 
boot from external device -- SCSI 


boot driver for disk and tape drives. 
Try boot from SCSI device. 


Start with C-language boot software 

provided in port pack and develop 

a boot ROM. 
Develop a simple serial port driver 
with an interrupt service routine. 
Store OS-9 kernel in EPROM. 
Boot from kernel stored in EPROM. 


Use debug monitor to jump 
to boot ROM and try boot. 
Test serial port driver. 


Boot Debug SCSI driver 
successful ? 


Develop, debug, and test other 
boot and run-time drivers required 
by target application: 

Ethernet TCP/IP driver. 


Backplane TCP/IP driver. 
Parallel printer driver. 
IEEE-488 driver. 

1553 serial driver. 

Flash memory driver. 


Debug boot ROM using ROM-based 
debug monitor. 

Debug serial-port driver 

and interrupt service routine 

using kernel-based debugger. 





result, developing a boot ROM and loading an OS image from disk or tape is a priority in 


- 3. IN ITS NATIVE MODE 09-9 is a disk-based software development host. As a 


most OS-9 ports. 
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address to access the UART, which 
requires a simple fix. 

If you have to port a driver to a 
CPU with a single UART, there are 
two ways to go. First, you can adda 
second UART viaa second board ora 
mezzanine card, even if your end ap- 
plication doesn’t require a second 
UART. Second, you can use a tool 
like a ROM emulator to debug the 
code and then make the step of tran- 
sitioning terminal I/O to the serial- 
port driver. 

The next steps, some of the most 
difficult in porting, involve starting 
the multitasking operation—the se- 
rial-port driver that’s tested first ex- 
ecutes as the only task on the sys- 
tem. To invoke tasking, if your tar- 
get OS and CPU support a memory- 
management unit (MMU), make sure 
it’s operating. Then port and test a 
clock-tick driver and start the multi- 
tasker so that the system can be 
transitioned into normal interrupt- 
driven multitasking operation. 

Ports of VxWorks and OS-9 to a 
processor such as the 68040 usually 
require no special effort to port 
MMU code. First, the kernels include 
code that supports the on-chip MMU 
explicitly on the 68040. Second, the 
OSs use the MMU only to protect 
memory regions and to assign attri- 
butes like cacheable/noncacheable 
to specific regions. Thus the OSs re- 
quire only that you develop code to 
initialize the MMU during the hard- 
ware initialization phase of a boot. 

You could face a slightly more dif- 
ficult situation with other OS/pro- 
cessor combinations. For example, 
an OS such as LynxOS that supports 
virtual memory requires you to port 
the code that pages segments in and 
out of memory before proceeding to 
engage the multitasker. Further- 
more, processors lacking an inte- 
grated memory-management unit or 
RISC processors that handle MMU 
routines in software may require the 
development or modification of 
MMU code to match your target 
CPU board. 

Once you’re sure the MMU is con- 
figured properly, you can proceed to 
the clock-tick driver and multitask- 
ing. The complexity of the clock-tick 
driver varies according to your OS 
and the target hardware. In general, 
the clock driver provides the he 
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slice interrupt to the kernel as the ba- 
sis for multitasking and supplies the 
facility for the OS or application soft- 
ware to read or write a real-time 
clock. 


STARTING A TIMER 

The first task of the clock driver is 
to configure and start a timer. On the 
V4D, for example, the PIG ASIC in- 
cludes timers that can divide a clock 
to achieve the desired interrupt in- 
terval for multitasking. The driver 
must initialize the timer so that it in- 
terrupts the CPU on a regular basis. 
For example, the OS-9 clock driver 
for the V4D sets the timer to inter- 
rupt the CPU every 10 ms. 

Like the serial driver, the clock 
driver includes an ISR that can veri- 
fy whether clock circuitry caused an 
interrupt and responds with service 
if necessary. In some cases, your tar- 
get hardware may use a dedicated in- 
terrupt level to signal a time-slice in- 
terrupt (or, for that matter, any in- 
terrupt source could have a dedicat- 
ed signal). If your target CPU uses a 
dedicated level, the ISR won’t need 
to verify the source of the interrupt. 

In many cases, however, the clock 
interrupt is combined with other in- 
terrupts and mapped to a single in- 
terrupt vector. For example, the PIG 
ASIC on the V4D integrates two seri- 
al ports and the timer, and all three 
facilities share an interrupt signal. 
You have to provide an interrupt 
polling table in your port to allow the 
OS to handle interrupts from multi- 
ple hardware resources that use the 
same vector. You must create a poll- 
ing table for any interrupt signal 
that could be triggered by multiple 
resources. 

A polling table prioritizes the or- 
der in which the kernel checks the 
possible interrupt sources. In the 
case of the V4D, for example, the 
time-slice interrupt would always 
take priority over the serial-port in- 
terrupts. The time-slice portion of 
your clock-tick driver is relatively 
simple. Most timer devices are sim- 
ple to configure, and they run with- 
out assistance once the timer is start- 
ed. Moreover, the timer interrupt 
routine does little more than verify 
the source of the interrupt, thereby 
enabling the kernel multitasker 
module to swap tasks. 
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The second part of the clock-tick 
driver—reading and writing time 
and date from a clock chip—can actu- 
ally be more complicated. In the driv- 
er, first you have to develop the code 
that can access the hardware cor- 
rectly. Then you must provide the 
code to convert the formats of the 
clock data used in the OS and the 
clock chip. 


DATE TRANSLATION 

Neither clock formats in OS driv- 
ers nor clock chips are as simple as 
registers holding ASCII digits that 
represent each part of the time or 
date. Clock chips and OS kernel clock 
routines typically use a reference 
date and an offset, from which the 
exact time and date can be calculat- 
ed. For example, OS-9’s kernel uses a 
reference date of Jan. 1, 4173 BC 
based on the Julian calendar. There- 
fore, the OS requires an offset mea- 
sured in Julian days and remainder 
seconds to calculate the present 
date. Storing the offset requires a 32- 
bit slot for the Julian day offset anda 
32-bit slot for the remainder seconds. 
The clock device on your target CPU 
could do things quite differently. For 
example, the TIC device on the V4D 
allows users to define a reference 
date and store an offset to that date 
in seconds. 

With the OS-9 and TIC combina- 
tion, you can’t simply set the TIC ref- 
erence date to 4173 BC (the OS-9 ref- 
erence date) because the TIC offset 
stored in seconds isn’t large enough 
to measure time in the 20th century. 
Therefore, you have to establish an 
alternate reference date such as Jan. 
1, 1900. For OS-9 to read the TIC, 
your clock routine must convert the 
TIC offset time (measured in sec- 
onds) to Julian days and seconds and 
then add the number of Julian days 
and seconds that elapsed between 
4173 BC and Jan. 1, 1900. There’s also 
another gotcha to beware of: Some 
OSs and clock devices measure an 
offset from the previous midnight to 
keep time; others measure an offset 
until the next midnight to keep time. 

While time conversion causes a 
logic problem, actually reading and 
writing the clock device can create 
other difficulties. Most likely, you 
have already developed the low-level 
routines necessary to access the 
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clock as a part of your hardware ini- 
tialization code. You can place that 
code in your driver with little chance 
of error in actually reading or writ- 
ing the clock device. But the routines 
that access the clock could cause 
problems later, after application de- 
ployment. 

Recall, for example, that devices 
like the TIC use a serial interface and 
thus suffer from relatively slow ac- 
cess. While the TIC causes no prob- 
lems in the basic operation of 
VxWorks and OS-9, application soft- 
ware couldaccess the TIC and induce 
problems. As aresult, application de- 
velopers need to understand the 


ramifications of reading the hard- 
ware clock. For example, the 
VxWorks port must disable inter- 
rupts for nearly 500 ps to allow an 
application program to read the time 
from the TIC. The application devel- 
oper must be cognizant of this time 
period when the system can’t re- 
spond to critical external events. 

Reading a slow clock is rarely a 
problem because clock activity typi- 
cally occurs only in the boot process 
and hardly ever during time-critical 
application code. 

Once the multitasker is working in 
your OS, you can proceed to porting 
drivers. But remember that you’re 


Develop a simple version of the 


hardware-specific serial-port 


Develop or acquire a monitor ROM 
that provides the following capabilities: 
A simple serial port driver. 
The ability to map VMEbus memory. 
The ability to jump to an address 
and start executing code. 


Configure a VMEbus rack with: 
A working CPU that runs VxWorks. 
Operational Ethernet either on the 
CPU or a dedicated LAN board. 
A VMEbus memory board. 
The target CPU board for the port. 


Develop a simple test program that 
performs a "printf" operation to memory. 
Download the program to the target 
board using the good CPU. 

Use target CPU monitor program to jump 
to the test code and execute it. 

Use the good CPU to confirm that the test 


program wrote the correct data to memory. 


Place VMEbus analyzer in test rack. 
Perform test sequence and monitor 
bus activity and data transfers. 
Debug hardware/software. 


device driver using polled operation 
rather than interrupts. 

Integrate the driver into the VxWorks.ST 
standalone version of the VxWorks kernel 
with no multitasker, interrupts, network 
support, or clock for time slice. 

Download VxWorks.ST to the target 
board using operational CPU. 

Use target CPU monitor to jump to and 
execute VxWorks.ST. 


Debug VxWorks.ST 


Wait for and polled serial 
VxWorks driver. 


sign on? 


Use VxWorks.ST to develop, test 

and debug a clock tick driver and 

an interrupt handler. 

Load full VxWorks kemel with 
interrupts support and the multitasker. 
Add interrupt support to serial driver. 
Test and debug serial I/O 

operations as a task. 


Develop, test, and debug an 

Ethernet TCP/IP driver. 

Test driver with Ethernet on target CPU. 
Test and debug driver with a dedicated 
Ethernet card that DMAs data packets 

across bus also verifying DMA bus cycles. 
Test and debug driver with a dedicated 
Ethernet card that stores data packets in 

local memory and interrupts CPU for service. 


Develop and test other drivers: 
SCSI disk, tape, and optical. 
Parallel printer. 

Other LANs or WANs. 
GPIB or 1553. 
Flash memory. 

Develop and test a backplane 

TCPAIP driver if required. 

Make a boot ROM 





4. THE PORTING SEQU ENCE for VxWorks shows that creating a boot ROM is 


one of the last required steps. The beginning steps of the porting process aim to ensure that 
the target CPU can read and write local memory and VMEbus memory. 
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also testing the tasking and inter- 
rupt-handling capabilities of the OS 
as well as the CPU-board hardware 
that generates interrupt signals for 
the first time. 


PORTING DRIVERS 


The porting process for OS-9 and 
VxWorks once again diverges at the 
driver development phase. With 
VxWorks, you need to work on an 
Ethernet driver immediately so that 
you can begin using the full 
VxWorks development environ- 
ment. But Ethernet drivers are in- 
herently more complicated than oth- 
er I/O drivers, such as a SCSI driver 
for disk I/O functions, because the 
LAN driver must handle a network 
protocol (typically TCP/IP). There- 
fore, unless your OS architecture 
dictates otherwise, your next step 
could well be a SCSI driver. 

Developing a SCSI driver for a 
state-of-the-art real-time OS consists 
mostly of writing the low-level code 
modules that interface with the SCSI 
interface IC. Almost all OSs current- 
ly integrate support for SCSI de- 
vices, so you typically receive the 
code that generates command blocks 
for the most popular types of SCSI 
devices (disk and tape drives and so 
forth). For example, OS-9 includes 
file managers for disk and tape 
drives that are referred to as the 
RBF (Random Block File) manager 
and the SBF (Sequential Block File) 
manager, respectively. The manag- 
ers configure generic SCSI com- 
mand blocks and depend on the de- 
vice-specific driver to transfer the 
commands and handle data packets. 

The low-level driver needs a few 
basic capabilities, including data 
transfer and the ability to distin- 
guish the structure of SCSI com- 
mand blocks. It also needs to use the 
knowledge of the command block 
structure to control the SCSI IC 
without interrupting the host. For 
example, the drivers must be able to 
detect a busy device and retry any 
operation on its own—without inter- 
rupting the host because of an error. 

Two other factors help simplify 
the driver-development task. As not- 
ed, you can usually acquire a sample 
driver developed for the SCSI IC. 
Smart SCSI ICs can even handle 
such events as conflicts caused by a 
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busy bus without help from the driv- 
er. For example, the V4D uses the 
NCR 58C710 SCSI I/O processor. 
The IC can directly execute scripts 
that define complex SCSI sequences 
without driver assistance. Conse- 
quently, a 53C710 driver primarily 
needs to translate high-level com- 
mand blocks into scripts for the pro- 
cessor. 

When developing a driver for a 
new or custom SCSI IC, it helps to 
use a similar sample driver as a 
guide. For example, you could en- 
counter a SCSI controller in an ASIC 
that was a part of an ASIC vendor’s 
cell library. That controller would 
likely be modeled after an off-the- 
shelf controller IC. 


SMART ICs 


Every generation of SCSI ICs is 
smarter than the previous one. This 
intelligence creates a potential haz- 
ard, though, when you try to modela 
driver after a similar sample driv- 
er—for example, if you have a driver 
for one IC in NCR’s 58C700 family 
and need a driver for another family 
member. Specifically, consider the 
differences between the 538C700 and 
53C710 devices. The design of both 
ICs are based on the powerful script 
language that matches the structure 
of SCSI command blocks, but the im- 
plementations differ in a way that 
makes drivers for the two substan- 
tially different. The 53C700 needs 32 
kbytes of script memory in system 
dynamic RAM because it doesn’t 
support table-indirect addressing. 
Therefore, the driver must have sep- 
arate code modules to address each 
of the eight possible SCSI addresses 
(or IDs) and each of the eight possi- 
ble LUNs (logical unit numbers) that 
can be associated with each ID. 

In contrast, the 58C710 device 
needs only 1 kbyte of dynamic RAM 
for script memory because it can 
handle table-indirect addressing that 
allows one code module to serve all 
IDs and LUNs. Recognizing such 
differences in a sample driver and 
target hardware can save time in 
driver development. 


ETHERNET DRIVERS 

While you may not need a Ether- 
net driver for an OS like OS-9, you 
need one for VxWorks targets even 
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if its only use is application-software 
development. In general, Ethernet 
drivers are more complicated than 
SCSI drivers for a couple of reasons. 
First, the Ethernet driver (or, more 
correctly, the network driver be- 
cause Ethernet actually refers to a 
lower-layer data-transmission 
scheme) must include support for 
some network protocol—typically 
TCP/IP. The protocol software han- 
dles packetization of data and en- 
sures reliable transmission. 

The second factor that compli- 
cates network drivers is the asyn- 
chronous nature of network commu- 
nications. A network driver has no 
warning that data is coming over the 
network before the interrupt, which 
causes the CPU to swap to the net- 
work driver. 

Developing a network driver 
would be an enormous task if you 
had to write the protocol software. 
Most OSs include support for the 
standard TCP/IP protocol or offer it 
as an option. The driver development 
project, therefore, consists mainly of 
adapting a sample driver to your tar- 
get hardware. What’s more, you are 
assured of finding a sample driver 
for the IC on your target among the 
handful of Ethernet ICs. 

Still, you need to match the driver 
to your target system architecture, 
specifically how the network IC is 
implemented in your system. The 
V4D, for example, has the Intel 
838596CA Ethernet IC on board; the 
IC includes a DMA controller to 
transfer data packets directly to or 
from the target’s main memory. Oth- 
er ICs require the CPU to move data, 
and your system application could 
even make you choose to implement 
the 82596 with the CPU in charge of 
transfers. 

You may encounter a system with 
Ethernet implemented on a separate 
board and need to address the board 
through the VMEbus. Furthermore, 
the dedicated Ethernet board could 
include DMA capabilities or require 
the CPU to transfer data. In fact, the 
recommended porting sequence for 
VxWorks includes developing driv- 
ers for both types of external Ether- 
net cards as well as an on-board in- 
terface. By developing all three driv- 
ers, you can also test host CPU- and 
slave-initiated burst data transfers. 
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Driver development consists 
mostly of implementing data-move- 
ment routines and formulating the 
interrupt service routine and rou- 
tines that interface to the target Eth- 
ernet IC. Routines that transfer data 
for an on-board controller are rela- 
tively simple, while routines that 
transfer data across an external in- 
terface (e.g., the VMEbus) vary in 
complexity based on the bus inter- 
face device. 

For the V4D, the bus interface 
code is no different than code that ad- 
dresses local memory. The V4D uses 
the Cypress VIC64 IC as a bus inter- 
face. The VIC chips are initialized 
early in the boot process so that the 
V4D multiported memory can be 
mapped onto the shared-memory 
VMEbus at a specific address. Fur- 
thermore, a external Ethernet card 
acting as an Ethernet slave would be 
similarly mapped onto the bus. The 
VIC chip handles all bus-transfer 
overhead, such as arbitration, so the 
target CPU or a slave Ethernet 
board can simply read and write 
memory across the bus. 

Of course, different bus-interface 
mechanisms could greatly compli- 
cate the driver. For example, bus-in- 
terface ICs that implement message- 
passing protocols require a driver to 
use the protocol to transfer data to 
an external Ethernet card. 

If, by chance, you can’t find a sam- 
ple driver for your target OS and net- 
work IC, you can still avoid starting 
from scratch by obtaining a driver 
for an OS with a similar structure. 
For instance, no sample driver exist- 
ed when Heurikon had to develop an 
Ethernet driver for LynxOS and the 
82596 IC. But LynxOS and VxWorks 
use a Symmetrical driver structure. 
Consequently, Heurikon used the de- 
vice-specific code developed for the 
VxWorks driver to accelerate devel- 
opment on the LynxOS port. 


BACKPLANE DRIVERS 
Most likely, you will have to devel- 


op a few more drivers than serial, 
SCSI, and Ethernet drivers. The pop- 
ularity of the Centronics-compatible 
parallel interface, for example, re- 
sulted in the interface finding its 
way into many embedded applica- 
tions. Yet porting a parallel-inter- 
face driver is simple, because the 
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The Most Advanced Subsystem 
To Measure Temperature Also = 
Measures Less Than AnInch, ‘$5 


¢ Linearized serial 
output 
Introducing the AD1B60. The only intelligent digitizing signal conditioner component. 





When we say there’s nothing like the AD1B60, it isn’t advertising hype, it’s fact. Not only does it provide 
excitation, linearization, compensation, scaling and self-calibration for thermocouples and RTD's, it does so 
in just one small surface-mount package. And since it eliminates the need to write and debug linearization 
software, the AD1B60 is incredibly easy to use. So if you're looking to cut design costs, get to market faster 


and reduce inventory requirements, there’s only one thing to 





do. Call your nearest ADI representative listed below. 


We'll send you a datasheet on the AD1B60 and a brochure 
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hardware interface is nothing more 
than a parallel port. And matching 
sample code to any hardware config- 
uration is straightforward. 

You also will likely write a back- 
plane driver because embedded sys- 
tems are increasingly employing the 
high-level TCP/IP protocol to con- 
nect multiple processors via a medi- 
um like VMEbus rather than Ether- 
net. Such backplane drivers provide 
a standard means of interprocess 
communications, thereby simplify- 
ing multiprocessor system design. 

Early backplane drivers were 
largely custom jobs. But spurred on 
by the proliferation of the technolo- 
gy pioneered in VxWorks, most OS 
vendors include backplane driver 
support for a reference design. De- 
veloping a backplane driver will like- 
ly be the most complex driver you de- 
velop in a system. The complexity 
comes partly from use of a protocol 
like TCP/IP but largely from the di- 
versity of bus-interface circuitry. 

For example, in its 68040 porting 
package, Microware supplies a back- 
plane driver for a reference board. 
But the driver is useful only with 
boards that use Motorola’s VMEbus 
interface circuitry. While you could 
develop a driver for other ICs like the 
standard VIC family, the driver 
might not communicate properly 
with the reference driver. As a re- 


sult, for backplane drivers, the OS. 


vendor should provide the media-ac- 
cess architecture for each bus-inter- 
face device and ensure interoperabi- 
lity of boards from different ven- 
dors. 

VxWorks offers a more robust, if 
not perfect, set of reference drivers 
for backplanes because backplane 
drivers were first used in this OS. 
You can port a VxWorks backplane 
driver to the VIC64 IC with little 
trouble, for instance. But the 
VxWorks reference driver doesn’t 
take full advantage of all the VIC 
chip’s capabilities. For example, 
VxWorks supports a single mailbox 
associated with each VMEbus board, 
but the VIC chips provide eight mail- 
boxes per board. The VIC chips also 
include six interprocess communica- 
tion registers not supported by the 
VxWorks backplane driver scheme. 
You can add support for any bus-in- 
terface features in a custom driver, 


FE LECT 


MATCHING REAL-TIME 0S 


FEATURES T0 BOARDS IN PORTING 


but your driver won’t necessarily in- 
teroperate with other VxWorks tar- 
gets. Therefore, your target applica- 
tion and interoperability require- 
ments are key to how you implement 
a backplane driver. 

Other drivers that you may be 
faced with developing include other 
local- and wide-area-network driv- 
ers, GPIB drivers, and drivers for 
specialized interfaces, such as the 
1558 serial interface used in military 
applications. You should identify the 
need for such drivers early in your 
system planning stage because the 
availability of a driver could well bea 
factor in selecting a real-time OS. 

Even if an exact driver isn’t avail- 
able, some OSs make development of 
all new custom drivers simpler than 
others. OS-9’s porting package, 
which includes the source code for all 
drivers, enables you to match an 
available sample driver to the re- 
quirements of a new device. If your 
application requires a GPIB driver, 
for example, you can start with a 
SCSI device driver because both 
classes of interfaces are based on 
parallel data transfers, defined com- 
mand structures, and bus-arbitra- 
tion requirements. 


TESTING AND COMPLETION 


Having completed the port, you 
can proceed to test all of the OS facil- 
ities. Many OS vendors even supply a 
test suite. VxWorks, for example, in- 
cludes such a test suite, yet generic 
test software can’t exercise all hard- 
ware in a target system. 

You should be able to test the SCSI 
driver thoroughly by using various 
devices, including magnetic and opti- 
cal disk drives as well as tape drives. 
Make sure that you test all interface 
types that your target supports be- 
cause SCSI offers many options in 
the interface specification. For ex- 
ample, test a basic 8-bit SCSI-1 de- 
vice as well as 16- or 32-bit SCSI-2 de- 
vices. And test the operation at fast 
synchronous speeds if your target 
supports this type of capability. 
Bugs in the driver, especially in the 
interrupt service section, are much 
more likely to occur at higher speeds. 

A rigorous test of the network 
drivers is also critical. In fact, an ex- 
ample can demonstrate how thor- 
ough testing can find bugs traced 
R ON I C D &E 
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back to a basic hardware initializa- 
tion routine. An OS-9 Ethernet driv- 
er developed for the V4D showed no 
bugs upon initial testing. The CPU 
board sent and received packets 
flawlessly at a pace typical of many 
such applications. But when tested 
on a fully loaded network and asked 
to handle many small packets, the 
driver developed errors. Likewise, 
the driver couldn’t handle the trans- 
fer of large data files without errors. 

The Ethernet driver, as it turned 
out, wasn’t at fault. Instead, the 
hardware initialization routine exe- 
cuted at boot time caused the prob- 
lem by setting up the VIC chip im- 
properly. Besides handling the bus 
interface, the VIC chip can also chan- 
nel on-board interrupts to the CPU. 
Therefore, the interrupt signal from 
the V4D Ethernet controller is con- 
nected to the VIC IC, which channels 
the interrupt to the proper CPU in- 
terrupt line. 

The VIC IC offers substantial 
flexibility in how interrupts are han- 
dled. In one example, the VIC IC can 
be programmed to interrupt the 
CPU based on a level-sensitive or 
trailing-edge-sensitive trigger. By 
configuring the VIC for level-sensi- 
tive operation, the hardware initial- 
ization routine caused the Ethernet 
driver to lose data. When debugging 
drivers, remember to look beyond 
the obvious and recall every byte of 
code you developed for the port.L 


David Klann, a senior software 
engineer with Heurikon Corp., has 
served as a software engineer for 
the past eight years. 

Steven Schultheis, the principal 
ViWorks software engineer for 
Heurikon Corp., received bache- 
lor’s and master’s degrees 1n as- 
tronomy-physics, mathematics, 
and applied music from the Uni- 
versity of Wisconsin. 

David Smith, a BS-ECE from 
California State Polytechnic Uni- 
versity, Pomona, currently runs 
ICON Engineering, an OS-9 con- 
sulting house in Minneapolis. 
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. “Trade shows are valuable, 
}  — but [learn more from my 
industry publications.” 


Your customers and prospects 
agree that trade shows are worth 
attending. But they also agree 
that specialized business publica- 
tions are worth a great deal more 
to them. Because that’s where they 
find more of the important infor- 
mation they need to know. A 
recent study, conducted by the 
Forsyth Group, proves it. 

Almost 10,000 business and 
professional decision makers 
participated in the study. They 
were asked what sources they find 
most useful in providing informa- 
tion about the products and 
services they buy for their compa- 
nies. Trade shows, salespeople and 
direct mail were all well regarded. 
But overall, specialized business 
publications clearly took top 
honors. 

Trade magazines are also at 
the top of the list when you 
consider cost per contact. No 
other medium is more efficient. Or 
has more credibility. 

For a free copy of the study, 
please write to American Business 
Press, 675 Third Avenue, Suite 
400, New York, NY 10017 
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Sun Microsystems’ open system architecture. 
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¢Keyboard/Mouse Port 
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Sunlink applications 

¢Full bi-directional Centronics Port 
eAudio Input and Output 

for multimedia applications 
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300 SBus Modules 

e512 Kbytes EPROM 
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GENERATE VARYING- 
WIDTH PULSE GROUPS 


S.R. KAUL, I.K. KAUL, and R.KOUL 


Bhabha Atomic Research Centre, Nuclear Research Laboratory, 
Trombay, Bombay, India 400 085. 


ulse groups can be gen- 

erated with sequentially 

incrementing/decre- 

menting widths using 
this circuit (see the figure). 
Looking more closely at the set- 
up, it can be seen that it’s based 
on the use of the digital delay 
generator (DDG) type AD9501 
(the AD9500 can be used for fast 
pulse applications). 

The two counters (74LS198s), 
wired to count up (CU), are reset 
with the push switch PS1. Their 
outputs (OO,) are initially 
latched on the DDG by the push 
switch PS2. 

The rising edge of the input 
clock pulse sets the flip-flop, in- 
crements the counters (for the 
next cycle), and triggers the 
DDG. The DDG delays the out- 
put pulse by a time interval that 
has a value dependent on the 
preset pulse count, which is OO,, 
for the first input clock pulse. At 
this initial count setting, the de- 
lay is determined only by the 
minimum propagation delay 
(t,,) of the DDG. Simultaneous- 
ly, the incremented outputs of 
the counters (O1,,) are latched on 
the DDG for the next cycle. The 
full-scale width range is deter- 
mined by the values of R.., and 
C.., in the circuit. 

When the clock pulses are fed in 
continuously at a fixed frequency, 
the output pulse widths vary sequen- 
tially from a minimum to a maximum 
value. When acquiring the maximum 
width corresponding to the counter 
full-scale value, the pulse width de- 
creases to a minimum as the 
counters are reset to zero by the next 
clock pulse. For output pulses with a 
sequentially decreasing width, the 
counters may be operated in the 
countdown mode. 

To operate the circuit as a digitally 
programmable monoshot, the count 
UP/DN input to the counters may be 
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inhibited after programming for a 
given width. 

Alternatively, the counters can be 
replaced with an octal DIP switch, 
which can be used to set the DDG de- 
lay. Consequently, the switch can be 
used to control the width of the out- 
put pulse.L 
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trp = reset propagation delay of AD9501 
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THE GENERATION of pulse groups with sequentially incrementing/decrementing widths is 
possible using this circuit. The setup is based on the use of a digital delay generator. 


= cece DOOST CONVERTER 
UPS SHUTDOWN TIME 


DANA DAVIS 
Maxim Integrated Products, 120 San Gabriel Dr., Sunnyvale, 
CA 94086; (408) 737-7600. 


ome microprocessor systems 
require more time for shut- 
down than that provided by 
conventional circuits for pow- 
er-fail detection. Between first 
warning and the actual loss of pow- 
er, such systems have extensive 
“housekeeping” tasks to perform in 
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addition to the memory-write opera- 
tions that save critical data. 

A backup battery and de-de regu- 
lator can buy extra time for the mi- 
croprocessor by maintaining V,,at5 
V following the initial warning of im- 
pending power loss (see the figure). 
When V,,, falls below 4.65 V, micro- 
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THIS SYSTEM’S BOOST CONVERTER (1cz2) derives 5 V from the backup battery during the brief interval between a low-V, 


warning and power fail. As a result, the microprocessor has time to complete its shutdown routine. 


processor-supervisor IC1 issues a 
logic-low signal at pin 7. This signal 
applies a nonmaskable interrupt 
(NMI) to the microprocessor. It also 
turns off Q1 (via Q2) and pulls [C2 
out of shutdown. 

As the microprocessor shutdown 
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IFD Winner for 
October 1, 1993 


Jim Williams, Linear Technolo- 
gy Corp., 1680 McCarthy Boule- 
vard, Milpitas, CA 95035. His idea: 
“Create Efficient Laser Power 


Supply.” 


IFD Winner for 
October 14, 1993 


Geoff Drummond, Advanced 
Energy Industries, 1825 Sharp 
Point Drive, Fort Collins, CO 
80525. His idea: “Szmple RS232 
Sync To Async Converter.” 
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routine begins, IC2 quickly restores 
the V_,. line to 5 V, with power from 
the 3.6-V lithium battery. Even when 
the battery voltage drops to 2.5 V, it 
still can supply as much as 200 mA. 
When the routine is completed, the 
microprocessor shuts down [C2 via 


an I/O line, allowing a second decline 
in V.. At 4.4 V, the microprocessor- 
supervisor IC3 enters its normal bat- 
tery-backup mode. If desired, sepa- 
rate batteries can be connected for 
the boost converter and for RAM 
backup.L] 


™ crcp VERIFY CLOCKS 
O20 


SIMPLY 


C. SHANKAR 
Indian Telephone Industries, Bangalore-16, India. 


wo clocks can be verified if 

they are derived from a sin- 

gle source using the simple 

circuit shown (see the /fig- 
ure). If the clocks do not match in 
frequency or phase, the circuit gen- 
erates an interrupt signal. 

The setup consists of two 4-bit 
T4HCT161 binary counters (U1 and 
U2) whose terminal count outputs 
are connected to a 74HCT86 XOR 
gate (U3A). 

The clock to be verified (CLK1) is 
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connected to one of the 4-bit 
counters. A reference clock that is 
derived from the same source Is con- 
nected to another 4-bit counter. 

The overall idea is that if the clocks 
are equal in frequency and phase, 
the counters will generate terminal 
counts (at RCO) at the same time. 
This causes the output of the XOR 
gate to go low. 

If the frequency and/or the phase 
mismatch, the terminal counts are 
generated at different times. This 
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CLK1 


Clock to be verified 


TAHCT86 


CLK2 
Reference clock if 
| _Enable/Inhibit > 
74HCT161 Enable/Inhibit 





CONSISTING OF TWO 4-BIT binary counters whose terminal count outputs are connected to an XOR gate, this circuit can verify 
two clocks, assuming they re derived from a single source. 


mismatch in timing will cause a high | This arrangement takes care of the | an interrupt signal. The interrupt 
at the output of the XOR gate. skew in the clocks, allowing a skew | output then can be cleared in the in- 

The high “no match” status of the | of up to half a clock cycle. terrupt service routine by making 
XOR gate is latched into a flip-flop The mismatch in the clock is regis- | the flip-flop’s Enable/Inhibit pin go 
(U4A) at the next edge of the clock. | tered by flip-flop U4B, which raises | low.0 
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Faster 
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» Little wonder more designers pick V-System™ 
over any other VHDL simulator. Their decision 
is easy because V-System doesn’t cut corners on 
features or performance. And price... well it’s 
kind of hard to believe considering everything 
V-System gives you. » For starters, our Direct 
Compile technology ensures unsurpassed com- 
pilation and simulation performance. Direct 
Compile, support for 64-bit time — and soon 
VITAL — make V-System the indispensable sim- 
ulator for designing today’s sub-micron ASICs. 
» V-System is still the only fully compliant VHDL 
simulator running on the most popular RISC 


workstations and Microsoft Windows-based PCs. 





It supports all the features of the 









latest standard, IEEE Std. 1076-1993. ® Something else only V-System gives you: 
object-compatible libraries. VHDL libraries compiled by V-System will run without 
change on all our supported platforms. And you can mix in C-language models and 
Logic Modeling’s SmartModels® for system-level simulations using V-System/ 
Workstation. » As if all of this isn’t enough, you get V-System’s intuitive, flexible 
debugging environment — our customers’ favorite feature. Or is it the low price? The point 
is you can have it all. Phone 1-503-641-1340; fax 1-503-526-5410; or e-mail: modeluser@model.com. 


And if you ask, we’ll start sending you our newsletter ModelUser. Free. 
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You Need 
Tree City USA 


Cy trees add the soft touch of nature 
to our busy lives. They cool our 
cities, fight pollution, conserve energy, 
give wildlife a home, and make our 
neighborhoods more liveable. 

The trees on city property, along i 
streets and in parks, are an essential part i! 
of the urban forest. To keep these trees | ! 
healthy and abundant, your town 
needs an organized program for 
their care...an annual action 
plan to plant and prune the 
city’s trees, and to main- 
tain their health. 

You can make a 
difference — by plant- 
ing and caring for trees 
in your yard and in 
your neighborhood, 
and by encouraging 
your city government's 
community forestry 
program. 

Support Tree City 
USA where you live. For 
your free booklet, write: 
Tree City USA, The 
National Arbor Day 
Foundation, Nebraska 
City, NE 68410. 


©) Arbor Day Foundation 
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EDITED BY SHERRIE VAN TYLE 


he market for ICs that go into mobile wireless communica- 

tion products is expected to grow from $26 million in 1992 

to about $492 million by 1997. Further, the market is pre- 

dicted to expand to about $989 million in the year 2000, ac- 

cording to a market study from Venture Development Corp. entitled 
The World Market for Front-end Radio/Microwave Monolithic Inte- 
grated Circuits in Mobile Wireless Communications Products. 
Application markets studied were cellular phone and data trans- 
ceivers, cordless and wireless PBX handsets, pagers, personal commu- 
nicators, and personal digital assistants, data transceivers for special- 
ized mobile radios, portable data collection terminals, and wireless lo- 
cal-area networks (LANs). 
In wireless transceiver applications, gallium arsenide supplies low- 

er noise and higher power efficiency, especially at low power source 
voltages. Yet silicon offers lower cost circuits. Silicon technology 
tends to be more applicable to lower frequency applications, gallium 
arsenide to higher frequencies. The Natick, Mass., market researcher 
estimates that in 1997 shipments of transceiver power amplifier chips 
will amount to about $239 million; 78% of that is expected to be imple- 
mented in gallium arsenide. In contrast, shipments of receiver and 
other transmitter chips for the transceivers are forecast to reach 
$252.5 million for 1997, with 55% expected to be implemented in silicon. 





ntusoft, based in San Pedro, Calif, has set up a Spice bulletin 
board service (BBS) on the CompuServe Information Ser- 
vice. The free Spice BBS contains Spice models, technical ap- 
plication notes, software utilities, and demonstration soft- 
ware. Engineers can find the bulletin board under the CADD/CAM/ 
CAE Vendor forum on CompuServe. Messages may be exchanged with 
other engineers, and technical questions can be left for Intusoft’s 
technical support staff. For more information on the BBS, call Intusoft 
at (310) 833-0710. 


he VHDL International Internet Services (VIIS) is an elec- 
tronic information service for public use and access. The 
service, which is provided and supported by Menlo Park, 
Calif.-based VHDL International (VI), is offered through 
the “vhdl.org” machine connected to the Internet. Basically, the sys- 
tem was set up to provide a focal point for standards activities in an 
electronic forum, and to disseminate information about VHDL activi- 
ties such as VI Users’ Forum (VIUF) local-chapter meetings, VIUF 
conferences, survey results, and discussion groups. Vhdl.org is avail- 
able to related users groups and standards organizations. These other 
groups manage their own e-mail-based discussion groups and file-re- 
pository systems, form news-discussion groups, and so on. For more 
information, call VI at (800) 554-2550 or (415) 329-0578. 





































GaAs-power 
amplifiers 
38.1% 


Silicon-receiver & 
other transmitters* 
28.2% 


GaAs-receiver & 
other transmitters* 
23.2% 


HOT PC 
PRODUCTS 


n electronic technical support center (ETSC) from Diag- 
Soft supplies automated technical support to indiviudal 
and corporate PC users and to PC original equipment man- 
ufacturers (OEMs). In the first service, when a subscriber 
or owner of the QAPlus software reports a problem to DiagSoft, diag- 
nostics are done over a modem. Next, the process will be automated for 
users of DiagSoft products, with access to the support center by press- 
ing a help key. Later this year, the company hopes to expand from the 
current hours of 8am to 5 pm, Monday through Friday, PST, to 24 hours 
a day. Contact DiagSoft Inc, 5615 Scotts Valley Dr., Suite 140, Scotts 
Valley, CA 95066; (408) 438-8247. CIRCLE 461 


ower Japanese for Windows 2.0, now on CD-ROM, has a 
10,000-word online dictionary and a Japanese language 
text editor; users can tailor the course to suit their best 
learning method and, with a sound card, record and com- 
pare their pronunciation with that of native Japanese speakers. Like 
version 1.1, the self-paced upgrade relies on digitally recorded sounds, 
animation, and drills to teach the most important elements of Japanese 
syntax and grammar. List price for the software on disk or CD-ROM is 
$389. Contact BayWare at 1720S. Amphlett Blvd., Suite 205, San Mateo, 
CA 94402; (415) 312-0980; fax 578-1884. CIRCLE 462 
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The ADC12062 ~ Fast sampling rate of IMHz ~ Ultra low power dissipation of 75mW max. @ +5V ~ For 





demanding instrumentation and communications applications ~ EEPROM trimming architecture guarantees excellent DC 


and AC performance (Gain error = +1LSB; Offset error = +1.25LSB; DNL = +0.95LSB; INL = +1.0LSB; SNR = 69.5dB; 


National 


Semiconductor 


aR atsmvelacek 


lowest 


THD = 70dB) ~ 2-channel MUX, on-board sample/hold and high-speed parallel interface 





—~ For a free product sample kit and ordering information, call 1-800-NAT-SEMI, Ext. 271. 


power 


] MHz 12-bit ADC 


©1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 
(Tel: 1-800-628-7364, Ext. 271 Fax: 1-800-888-5113). All rights reserved. 
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report outlining progress in im- 

plementing the administration 's 

civilian technology policies is 

available on paper or by the In- 
ternet. The 68-page document, ‘Technology 
for Economic Growth: President's Progress 
Report,’ derives from the Technology Sum- 
mit sponsored by the Berkeley Roundtable on 
the International Economy. 

The paper document (PB 94-107430) is 
available for $15.50 from The Department of 
Commerce, National Technical Information 
Service (NTIS), Springfield, VA 22161; (703) 
487-4650 or through the Internet (telnet fed- 
world.gov). 
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iliconix has received ISO 9001 
certification for its semiconduc- 
tor design, development, and pro- 
duction facilities in Santa Clara, 
Calif. The Santa Clara, Calif. company manu- 
factures semicocductor products for switch- 
ing, motion control, and power supplies. The 
company is a member of TEMIC, the micro- 
electronics arm of the Daimler-Benz Group. 
The company’s address is 2201 Laurelwood 
Rd., P.O. Box 54951, Santa Clara, CA 95056- 
0951; (408) 988-8000; fax 970-3950. 
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BM Corp.'s processes in six of its 

software manufacturing sites have 

meet ISO 9000 standards for manu- 

facturing, product design, and ser- 

vicing operations. The sites are Tokyo; Copen- 

hagen; Sydney, Australia; Boulder, Colo, 

Charlotte, N. C; and Kingston, N. Y. Contact 

IBM Corp., IBM United States, 1133 Westches- 
ter Ave., White Plains, NY 10604. 

CIRCLE 464 


designer and manufacturer of 
wire and cable products, Belden 
Wire & Cable Co. has achieved 
ISO 9000 registration for its engi- 
neering and manufacturing facilities in the 
United States. The six Belden manufacturing 
plants registered under the ISO 9000 stan- 
dard are Clinton, Arkansas; Essex Junction, 
Vermont; Franklin, North Carolina; Monticel- 
lo, Kentucky; Richmond, Indiana; and Tomp- 
kinsville, Kentucky. 

These plants produce multiconductor, coax, 
cords, leader wire, fiber optics, and flat cable. 
For further information, contact Belden Wire 
& Cable Co, P.O. Box 1980, Richmond, IN 
47375; (317) 983-5200. CIRCLE 465 
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Perspectives on Time-to-Market 


BY RON KMETOVICZ 
President, Time to Market Associates Inc. 
P. 0. Box 443, 100 Prickly Pear Rd., Verdi, NV 89439; (408) 446-4458; fax (408) 253-6085 





issing the staffing ratio was shown to produce business 
profitability misfortune. But product developers are hu- 
man and they will error on the realization of a unity staffing ratio. This col- 
umn further examines the composition of the commitment term to identify its 
tolerance to error and its upper limit. 





Work quantity/commitment = duration 


First, a reference work commitment figure is needed to keep the system stable. This 
number is commonly referred to as the hours per week worked by new product developers. 
It’s a personal number—some work close to the societal norm of 40 hours per week and oth- 
ers work significantly more. In all my days on the job and in all the companies where | 
consult, rarely have I experienced or witnessed a new product developer working a 40 hour 
week—it’s usually more like 45 to 50 hours. But let's get to planning. To do rapid new 
product development, an organization has to know, in detail, and manage work commitment 
being put forth by the new product development staff. 

As a starting point, let's say that a reference new product developer works a 40-hour 
week. With this point set, a staffing ratio equal to 1 implies that his limit is not exceeded. 
Should product developers work beyond the reference, the staffing ratio is adjusted up- 
ward in proportion to the increase in effort. For example, working a 50-hour week as com- 
pared to a 40-hour reference gives an adjusted staffing ratio of 1.25 (1 + 10/40). Working 
an 80- hour week gives an adjusted staffing ratio of 2.0 (1 + 40/40). As the adjusted staff 
ratio goes up, it suggests that new product developers are working longer days and 
weekends to beat time-to-market goals set when the staffing ratio was equal to one. 

In tabular form, working more to get done sooner looks like this: 


Weekly hours Commitment Daily hours Weekend hours 
40 1 8 0 
50 _ i125 10 0 
60 1.50 12 | 0 
10 Li 12 10 
80 2.00 12 20 
90 220 14 20 
100 2.50 15 25 


It’s easy to work a lot; in fact, it’s easier to work more than to work less. Extend the workday 
by two hours and it's a 50-hour week; extend it by four hours to put in 60 hours a week at the 
job; add a long Saturday to accumulate 70 hours; and then take some work home to add up 
even more hours. Whew! 

The limits of commitment are now forming—it cannot exceed 2.5 for physiological 
reasons; it cannot exceed 1.75 on a sustained basis for psychological reasons; and operating 
between 1 and 1.75 becomes a matter of personal choice. From an organizational perspec- 
tive, undercommit by 50% and the time-sensitive product development effort becomes a 
business flop. Overwork the development team by 100% to get the same result for a 
different reason. Striving to work below a normalized commitment of 1.5 usually gives the 
business and personal win-win that organizations desire. 


More information on this topic is contained in New Product Development: Design and Anal- 
ysis, which can be obtained by calling Time to Market Associates. 
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EVERYBODY'S 
=; TALKING ABOUT ARIEL! ~* 





DID 
... that a survey of 4000 designers from around the world shows that 71% of respondents use 
multiple VHDL tools, showing that the VHSIC Hardware Description Language is being used 
in several phases of designing. Further, 100% of the respondents indicated that they are using 
VHDL for simulation; 76% said they also use VHDL for synthesis. Also, 82% of users indicated 
that tool quality is good to excellent; 18% responded that tool quality is fair or poor. 
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- ; A BREED APART : Source: VHDL International Inc., (800) 554-2550; (415) 329-0578. For a survey summary, send the 
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a= labeled our DSP-96 board a 
ze “true thoroughbred,” we 

a couldn’t help but take 
a Th : l 

tice. Those two simple es 
Mi Sine ea P Th Then I looked at the systems map. Our 
a words r sail so hr i ann C opportunity town of Los Gatos was not included in the 
= = essence of our mission here 
H system. Suddenly it dawned on me. Maybe 

= at Ariel: to be a breed short shrift ? b ’ Sty j ef 
= (ue dae ep its because our community is served by 
_s te a Ie sae 8 General Telephone. Not Pacific Bell. Does 
Ce or tee ee BY FRANK J. BURGE that mean that our children will miss out on 


aes 


oe 


eet eae eae aaa 


as 


bd eee 


oat ae ee eae eee 





: 
= 


in first place. 





THE DSP PEDIGREE 
The PC-based DSP-96 is 
a great example of the kind 
of high-performance single 

and multiprocessor DSP 
products Ariel makes for 

VME, PC and SBus 

platforms. And all Ariel 

products feature flexible, 
high-quality analog and 
digital I/O to complement 
our raw DSP horsepower. 


WIN...PLACE...SHOW 
Like all our products, 
the DSP-96 comes bundled 
with a C-callable interface 
library and easy to under- 
stand example programs 
(which, according to the 
same reviewer,”“executed 
flawlessly”). And of course 
we provide comprehensive 
software development tools 
for all our products. 


JOCKEY INTO FIRST PLACE 
Ariel’s stable of DSP products 
gives you the advantage 
right out of the starting gate. 
So, quit horsing around and 
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n many communities the quality of 
the neighborhood is defined by 
the quality of the local school sys- 
tem. Living in a neighborhood 
with great schools not only supposedly pro- 
vides your children with an education ad- 
vantage—it also brings credit to the par- 
ents. It’s a symbol of cultural elevation. 

Last November, the San Jose Mercury 
News carried a front-page story about Pa- 
cific Bell's plans to invest $16 billion by the 
year 2000 on a communications superhigh- 
way. The system would offer an entertain- 
ment, information, and education menu to 
satisfy every interest. PacBell is after the 
$50 to $75 a month the typical American 
family spends on cable, the telephone, and 
movie rentals. 

The announcement caught my eye be- 
cause the new system would offer an alter- 
native to the cable company I now deal with. 
A company that has installed a new system, 
raised rates, and made it virtually impossi- 
ble to register a complaint because their 
lines have been so tied up with calls from 
irate subscribers. Dealing with the cable 
company bozos is driving me nuts. So the 
thought of someday being able to switch to 
PacBell gave me hope. But wait. 
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the enriched learning experiences offered 
to the children in neighborhoods connected 
to the communications superhighway. What 
are we supposed to do? Bus our kids to a 
learning center in a PacBell neighborhood? 

How we define the desirability of a 
neighborhood is about to change. Home val- 
ues may well be influenced by access to the 
educational programs offered on the com- 
munications superhighway. Home buyers 
will not only inquire about the local school 
system but also ask whether the home is 
connected to the PacBell system. And since 
Los Gatos won't be connected, does this 
mean that it will become a disadvantaged 
neighborhood? Lots of fine, friendly folks 
and classy antique shops, bars, and restau- 
rants but certainly not a neighborhood that 
provides the education advantage. 

Access to world-class educational pro- 
grams may just turn the boob tube into the 
opportunity tube by providing lifetime 
learning experiences for all of us. But this 
assumes someone will fund program devel- 
opment and guarantee system access. Just 
who is going to do that? My barber tells me 
the odds are against it ever happening. And 
my barber is one smart cookie. 

Since the game is to chase the $50 to $75 
a month households spend on cable, the tele- 
phone, and TV rentals, how about poor 
neighborhoods? Will they automatically be 
redlined out of the system just because set- 
tlers in the neighborhood don’t have the $50 
to $75 a month for the menu? Who decides 
who gets what? 

My guess is that the usual suspects will 
get the short shrift. 
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1. The LV-HCMOS Family is the 3V equivalent of 


$V industry standard LS-TTL and HC/HCT for 
mid-range speed (10-20ns) applications. 


2. The advanced LVC family is aimed at higher speed 
3V applications and is compatible with FAST, 


ALS, ACL and (Q) FACT ranges. 


3. Aimed at pure speed, HLL is the world's fastest 3V 
TTL compatible logic family with performance 
equivalent to FCT-C 5V logie. 


4. New from Philips, the LVT BiCMOS family is 


geared to applications demanding both speed and 
drive output capability, and is compatible with 
ABT to drive heavily loaded backplanes. 
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Key parameters and features comparison of Philips’ 3V logic families 


KEY FEATURES LV-HCMOS LVC HLL LVT 


TTL level input "A "A J 
TTL Level output "A v "A 
5 V input capability /* 

Forced 5 V output 

Live insertion 

Input bus Hold 





* For transceivers Vin max = Voc +0.5V 


All four 3V logic families are based on industry standard 
features to facilitate rapid design-in. And, all 3.3V 
functions are designed from scratch, rather than 
recharacterized 5V functions, so they’re optimized for low 
power applications. 


Call us today at: (800) 447-1500 ext. 1084 ED 











PHILIPS 








"I’m a vice president because I sold 22,000 gizmos 


this year. How'd you become a v.p.?" "I made a great deal on the 200,000 
gizmos you didn’t sell last year." 





Turn your excess inventory into a 
tax break and help send needy 
kids to college. 


Call for your free guide to learn how 


donating your slow moving inventory can 
mean a generous TAX WRITE OFF for your company. 


Call 708-690-0010 





P. O. Box 3021, Glen Ellyn, IL 60138 FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 








This Is A New House 


Or a college education. Or a comfortable retirement. It's the secure feeling you 
get knowing that you’re providing for your family and your future. It's a U.S. Savings 
Bond, and it pays competitive interest rates with a guaranteed minimum rate of return 
when held five years or more. For more information, pick up a free Buyer’s Guide at 
your local bank and ask about the Payroll Savings Plan where you work. 


US. Savings Bonds 


A public service of this publication. 





FASTER 


(2G6/s Sample Rate, 500 MHz Bandwidth) 


EEPER 


(BS Moyes Acquisition Memory) 


SMARTER 


(Unsurpassed Triggering, Measurements & Waveform MATH ) 
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Innovators in Instrumentation 
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NYHOW? 


ELLLL—I have been 
figuring for years that 
someday I would write 
about “quality.” But 
aside from saying that we're all, of 
course, in favor of the HIGHEST 
POSSIBLE QUALITY, what else is 
there to say? Wouldn’t that make a 
very short column? Yet despite the 
truism just listed above, very few of 
us readers drive a Rolls Royce. 

So perhaps we should admit that 
we're all interested in very good qual- 
ity at a reasonable price—a Volk- 
swagen or Ford price, maybe even a 
Cadillac, Acura, or Mercedes price— 
very good quality, 
appropriate qual- 
ty, but not neces- 
sarily the highest 
_ possible quality. 
[still recall very 
plainly that VW 
used to advertise 
and brag that they 
had more QC in- 













: spectors than they 
BOB PEASE had cars, and those 
OBTAINED A old VW beetles 
BSEE FROM MIT had pretty good 
IN 1961ANDIS — quality. Of course, 
STAFF it might be that the 
SCIENTIST AT inspectors forced 
NATIONAL the production en- 
SEMICONDUCT- gineers to go back 
OR CORP., and solve the de- 
SANTA CLARA, — sign and manufac- 
CALIF. turing problems. 


Maybe that’s a 
back-door way to achieve good qual- 
ity. Anyhow, I still like my old Beetle, 
running reliably at 287,000 miles. It’s 
not the highest quality, maybe not as 
good as a Rolls Royce, but it is appro- 
priate quality. 

I recollect the story of one of the 
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pioneering transistor companies, back 
in the 60s. They had agreed to ship to 
their customers transistors with an 
AQL (Acceptable Quality Level) of 
2%, which was pretty good for those 
days. So the tester would test 98 good 
parts and put them in the box. Then, 
following her instructions, she would 
add 2 bad transistors to finish off the 
box, thus bringing the quality to the 
exact level desired. This went on for 
some time, until one of the customers got 
suspicious, because the two bad transis- 
tors were always in the same corner of 
the box! Then things were changed... 

Now let’s get serious. I propose that 
not everybody really wants to buy parts 
with the highest quality and the small- 
est AQL. Let’s consider a few practical 
examples. If I’m testing some gates or 
flip-flops, the output had better be 
about right, with a very high confi- 
dence, on every test. If I make 20,000 
bad dice in 1,000,000, and I only reject 
19,700 of them, you as a purchaser 
might be quite displeased to get an in- 
coming quality rate of 300 ppm. So, it is 
pretty clear-cut that for ordinary com- 
modity ICs, the parts and the testing 
should be very good so that no bad parts 
get tothe customers. Many IC manufac- 
turers do well at this. 

Ah, but what about precision analog 
components? Precision op amps, 16- 
bit DACs, low-noise references? Can 
they always be tested with full preci- 
sion and confidence? 

What about a high-gain op-amp, 
such as OP-07? If the output swing is 
a 10-V step (either + or —), then the 
maximum input error (delta V) must 
be less than 50 nV. Further, it must be 
less than 50 uV with a VERY HIGH 
confidence level every time you meas- 
ure it. What if it is 834 uV p-p some- 
times when you test it, and 38 uV p-p 
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other times, and 30 uV another time? 
Then if you see 47 uV on another part, 
it might change to 51 uV p-pif you test 
it again, and that would be a fail of the 
test. So, your testing must be done 
with good repeatability and low noise. 

Is it realistic to try to meet an AQL 
of 0.01% on such a test? Is it reason- 
able? Is that what you want to pay for? 
Would an AQL of 0.2% be just as rea- 
sonable? Let’s look at another spec. 
The OP-07A is guaranteed for 0.60 uV 
p-p of noise voltage, max, in a band- 
width of 0.1 Hz to 10 Hz. When you 
test an amplifier for noise in a fairly 
small bandwidth like that, you must 
not expect to get exactly repeatable 
results. So if you measure 0.42 uV one 
time and 0.48 uV another time, you 
have to be very careful about the re- 
peatability. If there is much noise, the 
guard-bands must get bigger and big- 
ger until the spec is a LOT more con- 
servative than what you’re actually 
measuring. As it is, the OP-07s have 
0.35 uV p-p typical, yet we’re barely 
able to guarantee 0.6 UV p-p. 

What if we said that this spec was 
only guaranteed at an AQL of 0.5%? 
Could we then guarantee 0.45 uV p-p? 
Would you prefer to buy that as a 
spec? Would that part be of any sig- 
nificantly lower “quality” than the one 
with 0.60 uV max? I myself would 
sooner buy the part with the looser 
(0.5%) AQL and the tighter spec, as I 
think it is amore realistic kind of spec 
with more realistic testing. The yield 
to the manufacturer might be better, 
the testing might cost less, and the 
actual noise performance might be 
better. What do you think? Comments 
invited. 

At one time, one of the major sup- 
pliers of precision analog parts used to 
guarantee reference ICs with a cer- 
tain long-term stability. In the fine 
print, they said that 90% of their pro- 
duction would meet that spec, even 
though they did not test for this. I 
dunno, but 90% seems a little rough as 
a quality level. Still, at times, that may 
be an appropriate quality level. But 
the company has stopped saying 
that.... 

Now, I will get into the MEAT of the 
topic. I recall reading the writings of 
such people as W. Edwards Deming, 
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Genichi Taguchi, and several other 
promoters of “quality.” They argued 
that we should not rely on testing for 
high quality. We should not be trying 
to “test high quality” into our prod- 
ucts, but instead we should build them 
with such high quality that testing is 
superfluous. That’s what Mr. Deming 
said, and he was considered “the dean 
of the quality movement.” When I 
first started writing this column in 
August of 1993, Mr. Deming was very 
much alive and kicking, and I was hop- 
ing to start a dialog with this feisty 
old-timer. However, Mr. Deming un- 
fortunately died on December 20, 
1993, and I’m disappointed that I can- 
not duel with him verbally. Still, 
maybe some of Mr. Deming’s col- 
leagues will be in a mood to hold up his 
end of the arguments, or explain what 
Mr. Deming thought. 

NOW, Mr. Deming’s philosophy 
seemed to say to the entire semicon- 
ductor industry: “Do not rely on test- 
ing. Just build everything perfect.” 
Well, when we build good op amps, we 
may get a yield of 80 or 90 or maybe 
93% at “wafer-sort,’ when we probe 
and test the chips on the wafer. We ink 
any dice that fail any test, and lots of 
good dice remain. After we assemble 
all of the good dice, we test the pack- 
aged circuits again, repeating many of 
the tests to weed out anything that 
may have gone sour, or worsened af- 
ter assembly, or that may run poorly 
at a hot or cold temperature. Now we 
have a yield loss of only 1 or 2 or 8% at 
this “classification test” after assem- 
bly. Still, this is wnfinitely far away 
from Mr. Deming’s philosophy. Why 
are we semiconductor manufacturers 
so thick-headed? Why can’t we get 
anything right? Hmmmmm. 

If you buy LM824 quad op amps in 
moderate volume from NSC, you pay 
about 38 cents and you get 4 good op 
amps with a quality level of about 
99.9996% per package (about 1-ppm 
reject rate per amplifier). That may 
not be the best op-amp you can buy, 
but it’s pretty darned good at the 
price. And I claim that it’s the testing 
that makes these amplifiers so good. 
If you looked in our “scrap pile,” you 
would find some amplifiers that liter- 
ally meet the published spec—but we 
have installed tests to make sure 
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they’re rejected. Hey, we reserve the 
right to reject op amps even though 
they meet the published specs, be- 
cause we determined that there’s 
something not quite right about them. 
Do we get this excellent quality by 
doing no test, or minimum testing? 
Hell no. 

Ten years ago, we were shipping 
some of the highest-quality amplifiers 
in the industry, with an AQL perhaps 
99.92%. Pretty good in its day. But 
we're doing better now—by a factor 
of 100 or 200. WHY? Because we have 
better tests. If you took some 1984 op 
amps and ran them through our 1994 
testers, we might pass some that we 
failed before—because our tests are 
better. And we would surely fail some 
that were passed back in 1984—be- 
cause our testing is better. 

Over the past few months, I’ve 
asked several friends who work in 
Quality functions, test engineering, 
etc., and looked around myself trying 
to find out the answer to these ques- 
tions: If the whole semiconductor in- 
dustry is acting in contradiction to the 
“no testing” philosophy, has anybody 
made statements specifically rebut- 
ting it? And, has anybody explained 
that Deming’s advice does not apply 
to the semiconductor industry. 

As of yet, I haven’t found anyone 
who has ever heard this stated. SO, 
you're going to hear it right HERE for 
the first time: There may be many 
kinds of manufacturing where testing 
to achieve high quality is the wrong 
way to do it. But in the semiconductor 
manufacturing business, testing is 
EXACTLY the right thing to do to get 
high quality. 

NOW, I will not say that testing is 
exactly the cause of the good quality. 
We design these circuits to be of 
very high quality, very manufactur- 
able. Our wafer fab usually has excel- 
lent quality, so these ICs usually do 
work well with high yields. But ifarun 
has fewer parts than normal that meet 
all specs, we don’t let that affect the 
quality of the parts we ship. We do our 
testing, and the test results tell us 
what’s causing us yield loss. 

When we go back to solve a basic 
design or manufacturing problem that 
hurts the yield, that may also help the 
real quality, too. Yet I claim that it’s 
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the testing that drives the quality. 
What kind of IC, or car for that matter, 
would you buy if you were assured it 
was so good that no testing was 
needed?? How would the manufac- 
turer know that the quality really was 
very good if he did not do tests? 

If a Taguchi expert told you how to 
change your design, but decided not to 
check his results because his engi- 
neering was of such high quality that 
he didn’t have to do any checking, 
would you buy that? NOTE—almost 
all of our customers are now accepting 
our testing as quite adequate. So 
when they buy circuits from us, they 
do not have to retest them for confor- 
mance to the guaranteed specifica- 
tions at their “incoming inspection.” 
That seems reasonable. 

But of course when the customer 
assembles 22 or 46 or 79 components 
onto a board, then it’s time to do some 
more testing for that assembly. I re- 
cently heard several friends complain 
about the poor quality of some elec- 
tronic stuff they bought recently— 
some made in the U.S.A., and some 
imported, too. Right out of the box, 
the equipment failed to work, and you 
could tell that it had never been 
tested. Are you readers seeing that, 
too? Are some manufacturers starting 
to take “no testing” literally? If they 
talked themselves out of final test, a 
final functional test, that’s pretty 
SCary.... 

[ had atalk with Melodie McClenon, 
manager of our Data Acquisition Test 
Engineering group. She agreed that 
we do find it important, occasionally, 
to add tests. They’re necessary to 
screen out the few parts with bad 
quality which customers occasionally 
reject and gripe about. Often, a test is 
added to guard retroactively against 
some kind of a “Quality Accident,” 
where a customer finds quite a few 
parts out of spec. Later, some man- 
ager may propose to delete that test 
as “superfluous.” Melodie says she 
sometimes has to fight like heck to 
keep the test in, and she can usually 
do this by proving that the test, while 
usually unnecessary, is keeping a 1- 
ppm failure rate from being shipped. 

I agreed that, if on most days, the 
test takes a few milliseconds, and cuts 
out a 1-ppm reject mode from being 
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ULTRALIFE® 9-Volt lithium batter- 
ies significantly outlast alkalines 
— up to four times longer — in 
products powered by 9-Volt bat 
teries. Because ULTRALIFE lasts 
longer, battery replacement is 
reduced and product reliability 
is enhanced. Designing superi- 
or ULTRALIFE batteries into your 
products is a smart move. For j 
proof, call for our white pape 
on the ULTRALIFE battery's pe 
formance in specialty products. 


And, the next time, specify long- 


lasting ULTRALIFE batteries. Made in U.S.A. 


100% mercury-free. 
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shipped, and it’s ALSO able to help 
avoid the possibility of some disas- 
trous bad parts from being shipped on 
1 day out of 1000, that sounded like 
good judgment to me. I told her that I 
was on her side, and if she needed 
anybody to help her, I would fight like 
hell for her. It’s always good to find a 
friend with ideas worth fighting for. 

I have heard some guys argue that 
we should improve the yield of our op 
amps to 100%. I’m skeptical of that 
idea. At present, we have optimized 
for the lowest total cost for a good die, 
including the cost of testing. If we try 
to optimize the yield, with special 
wide spacings, special coatings, spe- 
cial processes, special redundant cir- 
cuits, and so on, we might get a much 
higher percentage of good dice. But 
there would be fewer good dice per 
wafer—and fewer per dollar. Would 
these fewer dice be of higher quality? 
Higher reliability? How much better? 
And, if they are a little better, how 
much extra would you like to pay for 
them? Would you like to buy some 
with no testing? Just think about all of 
the money you would save by cutting 
out the testing.... 

Other people have argued that it’s 
bad to have a low yield, because the 
quality must be bad. Nobody would 
want to buy an IC made with a yield 
worse than 50%, right? Well, almost 
every computer in the world has a 
processor chip that came out of fab 
with a wafer-sort yield much lower 
than 50%. That low a yield would 
sound pretty dumb for an op amp or 
gate or counter. But for a big proces- 
sor, a yield of 10 or 20 or 30 or 40% may 
be quite rational, and very reasonable 
compared to making smaller dice with 
higher yield. It certainly doesn’t mean 
that the dice which pass all tests are 
of poor or marginal quality. So far, 
we're doing exactly what Mr. Deming 
says not to do—yet our quality and 
reliability keep getting better, and 
cheaper. And everybody in the Semi- 
conductor industry is doing the same. 

One engineer pointed out that to 
plan to ship a part with the “correct” 
amount of quality, one might want to 
know if the intent is to ship a “Yugo,” 
or a “Rolls Royce,” or perhaps a 
“Honda Civic.” If we wanted to sell 
the LM324 as the Yugo of the industry, 
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we could surely increase the yield by 
shipping parts that just met every 
published spec—but that might be 
wrong. The LM324 may have a Yugo 
level of specs, but we want to make 
sure it’s tested out to a high grade of 
quality, a “Honda” grade of quality 
and reliability. Therefore, when you 
buy one, it comes with some awfully 
good quality. Do you know anybody 
who actually builds in worse quality 
on cheaper parts? Our customers, 
such as H-P, Delco, or IBM, would 
never stand for that... 

Recently, I was surprised to learn 
that most of the early NSC linear ICs 
did not have any protective coating of 
Vapox or Nitride over the die. So, 24 
years ago, LM108AHs came with a 
metal wire just flying through the air 
above the die, above the aluminum 
metallization, with no Vapox passiva- 
tion over the die. 

Were those old LM108s_ and 
LM101As less reliable than what we 
make these days? Maybe. But they 
have shown us a lot of proven reliabil- 
ity. Are new LM308ANs in epoxy 
mini-DIP packages less reliable than 
dice in hermetic packages? Well, the 
new mini-dip [Cs are all lead-bonded 
with automatic machines, with much 
less variability and better repeatabil- 
ity than the old human-controlled 
lead-bonders. These ICs are ALL aw- 
fully reliable nowadays, and have ex- 
cellent quality. 

(Note, technically we must avoid 
confusing reliability with quality. 
Yes, a part that fails after a customer 
puts it to work can make the customer 
just as unhappy as a part that never 
met spec in the first place. But we 
have to treat those two problems 
separately. We want to provide parts 
with excellent quality and excellent 
reliability, and we have to be careful 
not to hurt one while helping the 
other. For example, if we do a burn-in 
test, we must make sure it doesn’t 
harm a part’s reliability.) 

Now, a great majority of what Mr. 
Deming said makes excellent sense to 
me, and I’m pleased to recommend his 
ideas as an excellent legacy of his ca- 
reer. He observed, for example, that 
when making cars or airplanes or lawn 
mowers where the quality is ran- 
domly poor, and you're forced to go 
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back and rebuild or replace the engine 
or the transmission (or the paint) be- 
fore you can ship the product, it’s a 
LOUSY way to do business. 

So, do any readers have any opin- 
ions on testing? Have you seen any- 
body else’s good convincing state- 
ments or arguments on this topic? I’d 
love to hear from you. I do know that 
NSC has always done some testing on 
every component they shipped, and 
it’s unlikely that we’ll change that 
statement. In fact, more testing usu- 
ally helps provide higher quality, com- 
pared to less testing. 

As afinal note, I sent an early letter 
on this topic to Mr. Deming at his 
home. He did not reply at that time, 
but it’s not possible to draw any con- 
clusions from that. I just wish I had 
been able to find a good excuse to talk 
to him earlier! 


All for now. / Comments invited! 
RAP / Robert A. Pease / Engineer 


Address: 

Mail Stop D2597A 

National Semiconductor 
P.O. Box 58090 

Santa Clara, CA 95052-8090 


BOB’S MAILBOX 


Dear Bob: 

Perhaps 30 years ago at a national 
IEEE conference dinner in L.A., the 
speaker was introduced as Dr. ____, 
Chairman of the Department of Elec- 
trical Engineering at___—s University. 
He graciously thanked his host for 
conferring upon him the degree of 
Doctor, and then told the dumb- 
founded audience of IEEE members 
that his formal education ended with 
high school! 

Apparently we’re not alone in giv- 
ing both recognition and our trust to 
non-degreed personnel who, as Peter 
Scargill wrote in the Sept. 16, 1993 
Bob’s Mailbox, “have dedication, clear 
thinking, and more dedication.” 

ED OXNER 
InterFET Corp. 
Manchaca Texas 

When a guy has good talents, we 
ought to appreciate them without any 
prejudice about his race, religion, ori- 
gin—or schooling—_RAP 
G N 
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PnP IMPACTS POMCIA 


TERRY MOORE AND DANIEL STERNGLASS, DATABOOK INC. 


=] he Plug and Play (PnP) ISA standard, 
‘recently developed by Microsoft Corp., 
\, Redmond, Wash., and Intel Corp., San- 
ta Clara, Calif., is a component of the 
PnP initiative, which aims to simplify 
the configuration of next-generation 
PCs. It includes both hardware and 
: software elements. Hardware configu- 
ration, Buch as I/O and memory addresses and IRQ and 
DMA- channel assignments, are under software control 
instead of being set by jumpers. 

All PnP ISA features are available to standard, un- 
modified ISA bus systems. Hence, although PnP ISA is 
often described in terms of desktop systems, it’s equally 
applicable to notebook systems, and will be very impor- 
tant for future notebook designs. 

PnP ISA support is particularly important for systems 
that are frequently reconfigured, such as notebook com- 
puters connected to docking stations or notebooks with 
PCMCIA support. Plug and Play ISA offers some inher- 
ent advantages for notebook systems, such as how they 
interface with the docking stations. 

At present, the docking station is used somewhat awk- 
wardly. Manually docking or undocking a computer re- 
quires a change to the CMOS setup, the CONFIG.SYS 
file, or the AUTOEXEC.BAT file to reflect the altered 
hardware environment. This process is error-prone and 
intimidating to many end users. The PnP ISA standard 
can eliminate such manual changes. 

In addition, the mechanical design of a docking station 
may result in the notebook PC’s PCMCIA slots being 
inaccessible when the PC is docked. Using Plug and Play 
ISA, system software can disable the on-board PCMCIA 
controller and activate a second controller that’s actually 
part of the docking station. Multiple PCMCIA control- 
lers can also coexist. 

PCMCIA controllers without PnP ISA support use 
predetermined I/O addresses for their internal regis- 
ters. Such addresses may conflict with fixed addresses 
used by peripherals in a docking station. If the notebook 
is designed with a PCMCIA controller that offers PnP 
ISA support, like the Databook DB86084, then the con- 
troller’s addresses can be relocated to eliminate such 
conflicts. 

Similarly, some PCMCIA cards may require I/O ad- 
dresses that could conflict with the addresses used by 
the PCMCIA controller. Again, if PnP ISA support is 
incorporated into the PCMCIA controller, the control- 





ler’s I/O registers can be moved to eliminate the conflict. 

Because PCMCIA-based I/O devices are starting to 
proliferate into the industry, next-generation notebook 
PCs may include more than two PCMCIA slots. Because 
of IC packaging (pin-count) limitations, this will general- 
ly result in a need for multiple PCMCIA controllers. The 
PnP ISA specification offers a way to support multiple 
controller chips without dedicating multiple pins or add- 
ing external address decoding. 

End user’s expectations for ease of “hot docking” 
have been set toa high level by Apple Computer’s Power- 
book notebook systems. The system software employed 
by the Powerbook is more integrated than current ver- 
sions of DOS and Windows. Using the Apple notebook 
computer, when users prepare to leave the office, they 
simply copy any new files to the internal hard drive and 
then undock the system. Resident software automatical- 
ly responds to the change in configuration, without even 
rebooting the system. 

Similarly, when the user returns, he simply re-docks 
the system. The intelligent software notices that the ad- 
ditional disk drives and network drives are now accessi- 
ble, and the icons reappear on the screen. Any new or up- 
dated files are then transferred from the notebook. In 
many cases, DOS-based applications bypass the operat- 
ing system when accessing the hardware and the hard- 
ware in the DOS/Windows systems can not be fully re- 
configured under software control. 

With the built-in hooks in Apple’s hardware, the soft- 
ware can manage the system’s configuration. The PnP 
ISA standard gives the same advantages to DOS-based 
notebooks by putting hardware under the control of sys- 
tem software. 

Because the U.S. PC market is so competitive, manu- 
facturers are always looking for ways to differentiate 
their products without raising cost. One way to differen- 
tiate is by offering leading-edge technology before it be- 
comes a commodity. Due to the market’s characteristics, 
PnP ISA can be especially effective in the near future. 
This is particularly true when targeting the Fortune 1000 
companies, which tend to purchase numerous portable 
computers. 

Products are finally emerging that allow system man- 
ufacturers to add PnP support to their own products. 
Supported by standard software that’s readily available 
from Intel, Microsoft, and numerous BIOS vendors, 
many notebook- and desktop-system OEMs are expected 
to rapidly adopt this technology. 
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Introducing the emulator that gives youa complete arsenal of debugging tool 
for the new QUICC 360 microcontroller. 





Even the toughest bugs don't stand a chance against our new full-scale EL 3200 emulator for 
the Motorola 68360. It provides your design team with the most complete development 
support available. ¢® Built-in networking lets users have access to all resources from their 
workstations ¢ Debugs either high-level source code or assembly code @ Intelligent Trace 

Disassembler tracks values in each register ?® Complex event system lets you set up very deep 
“if-then"” commands @ Statistical Performance Analysis shows you what sections of code are taking the 

most execution time @ Real-time pin tracking simulates chip select pins, so reprogramming will not 

affect tool operation @ Uses fully integrated XICE interface «@ Up to 4MB overlay memory % Supports 

MRI, Intermetrics and gnu tool chains ¢ Call our 


Also check out our support for Motorola's 68K family 
toll-free number, below, and we'll send you a free of microprocessors and microcontrollers: 


debugging poster and our information kit, includ- | 693 30/340, 68332/331, 68000, 68EC/HCO000, 
ing a diskette full of 68360 solutions. Then get 68020/030/EC030, 68302 

ready for a search-and-destroy mission for 5 
68360 bugs. 





Ni Applied Microsystems Corporation 


For Your Free Information Disk and Poster, call 1-8 OO- 426-3925. 
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Add PnP Capability To An 
Existing Gard 
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The PnP interface ASIC design can 
follow one of two paths. 
BILL 


Adaptec Inc., 691 South Milpitas Blvd., Milpitas, CA 95035; (408) 945-8600. 


he primary goal of the Plug 

and Play (PnP) specifica- 

tion is to make add-in 
boards and peripherals easier to 
install and configure. Needless 
to say, board vendors are look- 
ing to add this capability to their 
current and next-generation 
products. 

The specification, developed 
by a coalition of more than 20 
hardware and software compa- 
nies, aims to simplify PC config- 
uration for end users. Thus, PCs 
compatible with the Plug and 
Play BIOS specification will be 
able to seamlessly interact with 
the other two Plug and Play 
components—the operating sys- 
tem and I/O devices. Specifical- 
ly, the PnP standard defines the 
hardware and software required 
to allow dynamic reconfigura- 
tion, while preventing system 
conflicts. Systems that are com- 
pletely compatible will internal- 
ly resolve all conflicts to guaran- 
tee boot-up every time an I/O 
device is added or eliminated. 

Two varying design ap- 
proaches can be applied when 
adding PnP capability to an ex- 
isting card. The first is to rede- 
sign the ISA interface ASIC (if 
one exists). The second is to de- 
sign an add-in PnP ASIC (front 
end) for use between the ISA bus 
and peripheral. 

The first option typically pro- 
duces a lower-cost design be- 
cause it minimizes the parts 
count and uses existing hard- 
ware. However, if the PnP por- 
tion must be added to an existing 
ASIC, the time required to mod- 
ify a complex IC may severely 
impact the design’s time to mar- 
ket. Conversely, a carefully de- 
signed front-end PnP ASIC (op- 
tion two) may hasten the prod- 
uct’s design cycle. If the current 


1. The four possible 
PnP state transitions 
are wait for key, 
sleep, isolation, and 
config (the state-ma- 
chine codes are 
shown in parenthe- 
ses). A reset forces 
all three of the state 
bits to 0. 





design employs PLDs for the de- 
code portion, it would be a good 
candidate for a front-end PnP 
ASIC. By creating a flexible de- 
sign, the resulting ASIC can eas- 
ily adapt to future products. 

Regardless of which path the 
designer follows, some common 
functional blocks must be de- 
signed into the ASIC to main- 
tain PnP compatibility. They in- 
clude common signals, a PnP 
state machine, a PnP address- 
register select, variable read- 
data port (RDP), key detect, 
EEPROM control, arbitration 
logic, read-resource control, and 
a PnP register set. 

Some other blocks may also 
be required, depending on the 





ISA card source requirement. 
These include variable memory 
and I/O decode, an interrupt-re- 
quest multiplexer, a data-re- 
quest and acknowledge multi- 
plexer, and ISA bus access to the 
data stored in the EEPROM. 
Before designing the individ- 
ual blocks of the ASIC, some 
thought must be given to two 
common signals used through- 
out the device—Reset and 
Clock(s). The PnP ASIC needs a 
reset signal to initialize itself at 
power-up, and can generate a 
software-controlled reset to ex- 
ternal circuits. If the ISA reset 
signal (pin B2) is used as a reset 
source, some analog or digital 
filtering must be employed be- 
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cause of the noise. 

In addition, the internal state 
machines and EEPROM shift 
register within the ASIC will 
need a clock source. Since the 
maximum clock rate for the ser1- 
al EEPROM is 1 MHz, the 
14.138-MHz oscillator clock on 
the ISA bus can be divided by 16 
to provide a reasonable shift 
speed. 

A good starting point in the 
design of a PnP interface ASIC 
is with the internal state ma- 
chine. It tracks the PnP state as 
the host communicates with 
PnP devices. The card can be 
found in one of four possible 
states: wait for key, sleep, isola- 
tion, or configuration (Fig. 1). 
While the four states could be 
represented with a two-bit state 
machine, a three-bit device sim- 
plifies coding and asynchronous 
state changes. 

In the state machine, bit 0 (the 
LSB) is set when a valid key se- 
quence is detected by the key-de- 
tect logic. It remains set until the 
next reset event occurs (hard- 
ware, software, or wait-for-key 
command). Bit 1 is pulled high 
by any wake[CSN] command. 
Bit 2 (the MSB) is set by one of 
two possible conditions: a wa- 
ke[CSN] command, if wake 4 0 
and wake = CSN; ora set[CSN] 
command while the current 
State is in the “isolation”? mode. 
Both bits 1 and 2 are cleared ei- 
ther by a wait-for-key command 
or the LOSE__ARB signal from 
the arbitration block. Because 
the timing of these state changes 
is somewhat asynchronous, the 
actual state output signals from 
the state-machine block should 
be generated by a synchronous 
decoder. For example, the de- 
coder could be clocked by the 
system crystal (about 8 MHz) 
from the ISA bus. 

The PnP interface only allo- 
cates one 8-bit port for reading 
and one for writing—the RDP 
and write-data port (WDP). As 
a result, there must be an inter- 
nal means of selecting which of 
the many PnP registers is read 


from or written to. A write-ad- 
dress port (WAP) fixed at I/O- 
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port address 279h usually han- 
dles this task. To access any PnP 
register, its address must first be 
written to the WAP. Then, any 
read to the RDP or write to the 
WDP will access the correct 
PnP register. The PnP state de- 
termines which registers can be 
accessed. 

The RDP is relocatable with- 
in the 200h to 3FFh range of I/O 
space. This is the only read regis- 
ter available for PnP operation. 
Because the single-byte register 
is relocatable, the decoder must 
compare ISA address bits 1 
through 11 to the contents of an 
8-byte register and four fixed- 
value bits. Bits 0 through 7 com- 
pare with ISA-bus address bits 2 
through 9. ISA address bits 0 
and | must be “‘one”’ and bits 10 
and 11 must be “zero.” Since the 
RDP is located above address 
200h, bit 7 of the RDP is used as 
both a decode compare bit and 
as a decoder enable. If bit 7 is 
zero, the decoder will be dis- 
abled. Because a Reset will clear 
all of the bits, accidental decod- 
ing of the RDP prior to its ad- 
dress being initialized will be 
prevented (this register is decod- 
ed as PnP register OOh). 

A sample design of the Key 
Detect block, called the linear- 
feedback shift register (LFSR), 
is depicted in appendix B of the 
published PnP ISA specifica- 
tion. Designers must add three 
features: the ability to preset the 
LFSR to a value of 6Ah upon 
Reset; a detector that matches 
the LFSR to the write data; and 
a counter that detects 32 correct 
writes. The detection of 32 cor- 
rect writes sets the LSB of the 
PnP state machine. 

The EEPROM control block 
isn’t defined in the PnP specifi- 
cation and will probably present 
the most challenging portion of 
the design. The EEPROM must 
retain the ID of the PnP device 
(8 bytes) and the resource infor- 
mation, which varies in size 
(about 75 bytes per logical de- 
vice). In addition, this EE- 
PROM can be loaded with data 
to initialize the PnP chip and re- 
place jumpers. 


Wait for next read from serial-isolation register 


Read all 72 bits 
\ from serial identifier 


2. The algorithm that 
isolates each PnP 
card uses the signals 
on the ISA bus and re- 
quires lock-step oper- 
ation between the PnP 
hardware and isola- 
tion software. 





In a design that was actually 
built, a 93C56 three-wire serial 
EEPROM was employed. At re- 
set, 15 bytes of jumper simula- 
tion and configuration data was 
automatically loaded into the 
ASIC. Once the ASIC entered 
the Isolation state, the ID was 
read from the EEPROM to be 
used for arbitration. Finally, in 
the Config state, the resource 
data was read from the EE- 
PROM and made available to 
the host. Four separate state ma- 
chines supplied flexible access to 
the EEPROM. 

In the example, the first state 
machine took a 9-bit address 
and generated all of the serial 
signals needed to read from the 
EEPROM. It then generated the 
read op code, added the address, 
and shifted the 8 read-data bits 
into a serial-to-parallel convert- 
er. “Reading” and “Done’”’ sta- 
tus bits update other state ma- 
chines of the read progress. 

At reset, the second state ma- 
chine reads the 15 initial data 
load (IDL) bytes. The IDL ma- 
chine generates the EEPROM 
address for the data, starts the 
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Linear Nonlinear Connections Extras 


Simulating a system with SIMULINK: Scope block and MATLAB animation window show results while 
the simulation is running. You can change parameters during a simulation to do “what if” analyses. 


Its time to g0 
nonlinear with 


SIMULINK: 


IMULINK gives you a power- 

ful interactive workbench to 

model, analyze, and simulate 
physical and mathematical systems. 
SIMULINK allows you to rapidly 
model the behavior of complex sys- 
tems like regional power grids, satel- 
lite controllers, aircraft, robotic sys- 


tems and biochemical processes. 


Create Models Grapbically 


With SIMULINK you can model a 
dynamic system quickly and easily. 
Just drag and drop icons into block 
diagrams — there’s no need to write 
a single line of code. 

SIMULINK provides over 200 built- 
in block types from which to build 
your models. You can also design 
your own blocks, complete with cus- 
tom icons. Plus, blocks can be 


grouped to create a model hierarchy. 





Extensive Model Types 


To model a complete range of sys- 
tem behaviors, you can combine lin- 
ear and nonlinear elements defined 
in discrete-time, continuous-time or 


as a hybrid system. 


Interactive Simulation 


SIMULINK makes it easy to run sim- 
ulations and monitor results interac- 
tively. Just attach signal source 


blocks to generate input signals and 





Graphically tune parameters in a nonlinear sys- 
tem with the Nonlinear Control Design Toolbox. 
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oscilloscope blocks to monitor out- 
puts. For “what if” analyses, change 
parameter settings while the simula- 
tion is running; you see the changed 
outputs immediately. And with 
SIMULINK’s trimming methods, you 
can find your system’s equilibrium 


point automatically. 


An Open Architecture 


Because SIMULINK is based on the 
open and extensible architecture of 
MATLAB®, you can easily create 
blocks, customize existing blocks, 
build custom block libraries, and use 
MATLAB’s toolboxes including: 


¢ Signal Processing 

¢ System Identification 

¢ Control System Design 

¢ Robust Control 

¢ p-Analysis and Synthesis 
¢ Neural Network 

© Optimization 


¢ Nonlinear Control Design 


New Toolboxes for Nonlinear 
Optimization and Real-time Code 


For optimizing nonlinear control 
systems, the new Nonlinear Control 
Design Toolbox gives you access to 
advanced time-domain-based opti- 
mization methods. 

SIMULINK’s new C Code Generator 


lets you automatically generate real- 





time code from models, for embed- 


ded control, rapid prototyping, and 
standalone simulations on your tar- 


get hardware or on DSP hardware. 


SIMULINK is available on most pop- 
ular computers, including Unix 
workstations, MS-Windows-based 
personal computers, and the 
Macintosh. 


Call 508/653-1415 for a 
complete brochure. 


The 


MATH 
WORKS 
as 


24 Prime Park Way/Natick, MA 01760 
Tel: 508/653-1415 Fax: 508/653-6284 
Email info@mathworks.com 


Australia: +61-2-922-6311 Japan: +81-3-3982-464] 
Brazil: +55-11-816-3144 Portugal: +34-3-415-49-04 
France: +33-1-45-34-23-91 Scandinavia: +46-8-15-30-22 
Germany: +49-89-995-9010 Spain: +34-3-415-49-04 
India: +91-80-2-260-260 — South Korea: +82-2-517-1257 
Israel: +972-3-561-5151 Switzerland: +41-31-998-44-11 
Italy: +39-11-24-85-332 Toiwon: +886-2-501-8787 


For Belgium, British Isles, Luxembourg, and The Netherlands call 
Cambridge Control, Ltd: +44-223-421-920 or Rapid Data, Ltd: +44-903-821-266 


MATLAB and SIMULINK are registered trademarks of The MathWorks, Inc. 








read state machine, and writes 
the bytes into the correct inter- 
nal registers. When finished, an 
IDL__Complete bit permits the 
next state machine to start. 

The third state machine starts 
when IDL__Complete is true 
and the PnP stage changes to 
Isolation. This state machine 
uses a 4-bit pointer to read the 
ID data from the EEPROM to 
the arbitration block. The final 
state machine sends the data se- 
quentially from the EEPROM 
to the read-resource data regis- 
ter while in the Config state. 

The arbitration logic is re- 
sponsible for implementing the 
isolation-protocol portion of the 
PnP specification. The check- 
sum for the 8-byte ID field can 
either be generated on the fly or 
hard-coded into the EEPROM’s 
ninth byte. Because the ID 1s 
read-only (factory-written) and 
takes no additional hardware, 
the ASIC uses the hard-coded 


MZ ADD PnP CAPABILITY 


means to generate the check- 
sum. The arbitration logic con- 
sists of four hardware compo- 
nents: a 144-state (72-by-2) 
counter; a three-state driver on 
the ISA data-bus bits (0 to 7) 
that can drive either 55h or 
AAh; a detector for either a 01 
or 10 (binary) pattern on ISA 
data bits O and 1; and a small 
state machine to implement the 
PnP card-isolation algorithm 
(Fig. 2). 

The resource-data reading is 
handled by the aforementioned 
state-machine method. Note 
how the “‘done’”’ bit of the EE- 
PROM read state machine sup- 
plies the status bit needed for 
register 05h. The design should 
employ just one pointer for both 
the arbitration ID and the re- 
source data, which is cleared to 
OOh by any Wake[CSN] com- 
mand or reset. 

The various PnP registers are 
implemented as needed and are 


The arbitration 
logic is re- 
sponsible for 
implementing 
the isolation- 
protocol por- 
tion of the PnP 
specification. 





selected based on the decode 
process. The register read 
should be designed so that any 
read to a nonexistent register re- 
turns a value of zero. One excep- 
tion to this rule involves the 
DMA channel-select registers at 
74h and 75h: If these registers 
aren’t used, a read should return 
a value of 04h. 

(Note: The current version of 
the PnP specification can be 
downloaded from Compuserve 
by typing “Go Plugplay.’’) 


Bill Stanley, a senior develop- 
ment engineer at Adaptec, re- 
ceived BSEE, MSEE, and 
MSCIS degrees from San Jose 
State University, San Jose, Calif. 


HOW VALUABLE? 
HIGHLY 


CIRCLE 560 
CIRCLE 561 
CIRCLE 562 


MODERATELY 
SLIGHTLY 





25 MByte FlasHD Memory Module 





PC/104 FORMAT 


» Hard Drive replacement; supports M-Systems 
» Non-volatile Flash™ memory board 

» Self Boot mechanism and PC auto detection 
p> Available with up to 25MBytes of storage 


» Read/write memory system 


> “Boot Block” of 256KBytes allows DOS in ROM 


p» Byte writable, 64KByte sector erasable 
» On-board DC to DC convertor for single +5 volt operation 


“For the OEM with Embedded PC Applications” 


(416) 245-2953 


megatel 


“The FlasHD card allows a system 
to boot without mechanical drives, 
execute applications and write up to 
25M Bytes of non-volatile storage.” 








ISA FORMAT 


For a list of our international distributors, 


please contact our head office at: 


megatel computer corp. 
125 Wendell Ave. 

Weston, Ont. M9N 3K9 Canada 
Fax: (416) 245-6505 


FlasH Is a trademark of Intel Comp. and Megatel is a registered trademark of Megatel Computer Corp. 
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The Logical Choice for Multiprocessor Power- 
SuperCard-4XL Architecture 





Million floating point operations 
per second on 6U VME board 


Fastest Hardware 


The need for processing power is insatiable 
for real-time multiprocessing solutions in 
defense, industrial, and medical applications. 
Greater resolution, faster I/O, larger data 
sets, and higher throughput all require signal 
and image processing technology pushed to 
the limit. 


The SuperCard-4XL fulfills these needs — 
it's fast, compact, and very reliable! In fact, 
CSPI is the only vendor today offering up to 
640 MFLOPS in a single 6U VME slot. 


Our method is simple — group eight 
processors in pairs to create four processing 
elements on board. Hand coded library 
functions offer transparent access to this 
pipelined parallelism. 


Best Value 

With a list price of $47/MFLOP, we make 
no compromises to provide the maximum 
density of floating point power at the lowest 
price. And, with over 3,000 SuperCards 
operating in the field, reliability is assured. 


Industry Standard 

CSPI brings technology from experts to your 
program team. Our partners range from 
industry recognized leaders to distinguished 
younger companies. Select CSPI's open 
software solutions for real time multitasking/ 
multiprocessing C and Ada development, 
plus graphical programming capabilities and 
a new parallelizing interface. 


CSPI's commitment to hardware standards is 

designed into the SuperCard Family. 

¢ VSB connectivity is maintained on board 
for compatibility with third party products 


¢ VME64 is included for maximum band- 
width on the system bus 


¢ National Semiconductor's QuickRing 
technology is selected for scalable high- 
speed board-to-board interconnect 


MIL-spec 

Our MIL-spec partner, Hughes Aircraft 
Company has developed a SuperCard XL 
model for MIL-spec environments. 
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Capture the Power 


Call Susan Snell Solomon at 
1-800-325-3110 and we'll demonstrate how 
SuperCard power can 
be harnessed by your 
application. A copy of 
our white paper 
Scalable Interboard I/O 
for Multiprocessing 
DSP Applications is 
yours for the asking. 


SPI 


Innovations in Embedded High-Performance Computing 


Scaleable Interboard Yo 
or Mu tiprocessing 
DSP Applications 


fsca] z. 








40 Linnell Circle, Billerica MA 01821 
508-663-7598 Fax: 508-663-0150 

In Europe, CSPI, Paris, France 33-1-43774577 
Fax 33-1-43994508 





ALACRON 1860 VME 


The Price / Performance Leader 
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Suite 204, 71 Spitbrook Rd., Nashua, NH 03060 
Phone: (603) 891-2750 e Fax: (603) 891-2745 


All product information is accurate as of January 1993. *VSB daughter board option included in price. 
**Suggested list price effective January 1993. Trademarks are property of their respective owners. 
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SYSTEM DESIGN PRODUCTS 


Vv IDE CACHE CONTROLLERS 
EXPLOIT LOCAL BUSES 

A trio of high-performance IDE 

-controller kits increase I/O 








performance for PCI-, VL-Bus-, sa 
ISA-based platforms. By employing 
the kits, bottlenecks between slow I/ 
O bus interfaces and IDE disk drives 
are reduced. Included are a cache- 
controller board with a built-in con- 
figuration utility, cables, and docu- 
mentation. The two local-bus units 
also come with 32-bit drivers for en- 
hanced support in MS-DOS/Win- 
dows, Netware, OS/2, and Unix. The 
configuration utility simplifies in- 
stallation and allows for drive cus- 
tomization. 

The controllers combine expand- 
able SIMMs with optimized caching 
algorithms to increase the through- 
put of data from the IDE subsystem 
to the host microprocessor. They 
also supply disk-mirroring and link- 
ing capabilities. In addition, the con- 
trollers increase the number of 
drives, four hard disks and two flop- 
pies, that can be connected to the sys- 
tem. Each hard-disk drive can have a 
maximum capacity of 4 Gbytes. 
Cache memory on the kits ranges 
from 515 kbytes to 16 Mbytes. Dif- 
ferent capacity SIMMs can be mixed 
and matched on the same board. 

The PCI and VL-Bus kits offer 
data rates of 5 Mbytes/s on the IDE 
subsystem side and 20 Mbytes/s on 
the system-bus side. Average seek 
time is less than 0.3 ms. The PCI con- 
troller offers complete plug-and- 
play compatibility. The maximum 
transfer rate on the ISA board is 5 
Mbytes/s in either direction. 

All three kits are available now. 
The KT-410A for the VL-Bus costs 
$175; the KT-910A PCI unit sells for 
$225; and the KT-510A for the ISA 
bus is priced at $105. 

BusLogic Inc. 

4151 Burton Dr. 

Santa Clara, CA 95054 

(408) 492-9090 

> CIRCLE 625 
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Vv BUILD A MULTIMEDIA 
BOARD FOR UNDER $100 

Multimedia products, with graphics 
resolutions up to 1280 by 1024 pixels, 
can be brought to market with a bill- 
of-materials cost of under $100. The 
Bt895 video controller, which be- 
comes the heart of the design, per- 
forms all of the system interface and 
control functions, such as simulta- 
neous display and capture to disk, ac- 
celerated playback, and frame-buff- 
er memory control. To reduce the 
time to market, a developer’s kit is 
available. The kit includes every- 
thing needed to build a complete mul- 
timedia board, as wellas VHDL syn- 
thesis source for the Bt895 and 
source files for the audio, video, and 
graphics functions. The kit sells for 
$2900. The 160-pin Bt895 goes for $16 
each in quantities of 10,000. 

Brooktree Corp. 

IS68 Scranton Fd. 

San Diego, CA 92121 

(619) 452-7580 

> CIRCLE 626 


Vv SWITCH TO REMOTE 
SCSI DEVICES 


Both local and remote switching of 
SCSI systems and peripherals can be 
done using the SCSI Switch, model 
ACI-2012. Compatible with fast 
SCSI, the device allows peripherals 
on independent SCSI buses to be con- 
nected and exchanged electronically 
without reconfiguring cables or bus 
terminators. Installation is easy. 
Daisy-chained connectors on the 
rear panel attach to each SCSI de- 
vice. Cable distances of up to 40 ft. 
S 





tion is controlled by the front panel 
or a remote RS-2382 connection. The 
front-panel indicators identify se- 
lected SCSI ports and bus activity. 
The SCSI Switch conforms to ANSI 
X3.131 and X3T9.2 specifications for 
single-ended devices. Three differ- 
ent versions are available. The 2012A 


SES aS 


comes with 50-pin Centronics con- 
nectors and sells for $1875. The 
2012B has 50-pin flat ribbon connec- 
tors and costs $1325. The 2012C, 
priced at $1425, offers 50-pin high- 
density connectors. All units come 
with externally-selectable 110/220-V 
ac input. 

Applied Concepts Inc. 

9130 S.W. Pioneer Ct. 

Wilsonville, OR 97070 

(503) 685-9300 

> CIRCLE 627 


Vv 4.1-LB. COMPUTER 

BOASTS COLOR DISPLAY 
Color displays on notebook-size com- 
puters are becoming the norm, and 
the Portégé T3400CT is no exception. 
Built with a TFT-LCD active-matrix 





display, the 4.4-lb. computer mea- 
sures 7.9 by 9.9 by 1.8 in. The system 
is built with a 83-MHz 486SL micro- 
processor that operates from a 3.3-V 
supply. A lithium-ion battery sup- 
plies 4 to 8 hours of operating life. 
Expansion is achieved through a 
Type 2 PCMCIA slot. Here, users 
can plug in various options, such as 
memory or communication devices. 
The AccPoint built-in isometric 
pointing device is placed between the 
G, H, and B keys (similar to IBM’s 
ThinkPad). Click and drag buttons 
sit at the front of the recessed key- 
board. A VL-Bus local-bus graphics 
accelerator speeds up the images dis- 
played on the color panel. The base 
unit contains 4 Mbytes of RAM (ex- 
pandable to 20 Mbytes). Prices start 
at $3999. A monochrome model is 
available. 

Toshiba America Ine. 

P.O. Box 19724 

Irvine, CA 92713 

(800) 334-3445 

> CIRCLE 628 


VW HIGH-PERFORMANCE CHIP 

SET SUPPORTS MULTIMEDIA 
Designed for data and fax modems 
as well as voice and business audio 
functions, the RCV144ACi-BA of- 
fers a low-cost, high-performance 
multimedia solution. The chip set, 
which handles 14.4-kbit/s transmis- 
sion speeds, also supports 2-, 3-, and 
4-bit voice compression-decompres- 
sion at 7200 Hz and 8- and 16-bit au- 
dio record and playback at 7.2 or 
11.025 kHz. The microcontroller 
firmware performs extended AT 
commands, supplying V.42/ MNP 2-4 
error correction, V.42bis/ MN P5 data 
compression, and other relevant 
standards. The chip set consists of a 
68-pin PLCC data pump and an 84-pin 
PLCC microcontroller. Available 
now, the set sells for $77 in quanti- 
ties of 10,000. 

Rockwell International Corp. 

4311 Jamboree Rd., P.O. Box C 

Newport Beach, CA 92658 

(800) 436-9988 

> CIRCLE 629 


VW READ-CHANNEL IC FITS 

IN TINY PACKAGE 
Supplying all of the required func- 
tionality for the read-write channel 


ina constant-density hard-disk drive, 
d-ch 1 IC can 








handle up to 48 Mbits/s. The device 
integrates automatic gain control, 
an active filter, a pulse detector, a 
data synchronizer, a frequency syn- 
thesizer, and a servo demodulator in 
a 64-pin, 10-by-10-mm TQFP pack- 
age. Power-management functions 
combined with a 2.7-V supply voltage 
make the part suitable for portable 
applications. In quantities of 10,000, 
prices for the MC34244 read-channel 
circuit start at $18.50. 

Motorola Inc. 

Bipolar Marketing MD EL340 
2100 E. Elliot Rd. 

Tempe, AZ 85284 

(602) 897-3615 

> CIRCLE 630 
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Highest Efficiency From Milliamps to Amps. 


Only the Linear Technology 
LTC1148 stepdown switching regu- 
lator family combines synchronous 


operation to input voltages as high 
as 48V. This makes it ideal for the 
high voltage AC adapters often used 


switching with automatic Burst PORIVE with 8-12 cell battery systems. Both 
Mode™ operation for efficiencies as LTC1148-5 the LTC1148 and LTC1149 feature 
high as 95% over a 200:1 output wetnd soft-start, short circuit protection, 2 
current range. ye and micropower shutdown. 

During sleep periods, the dln bevive ues ~LTC1148 and LTC1149 output 
LTC1148 supply current falls to a SiG PWR options include adjustable, fixed 


low 200uUA while still regulating the 3.3V, and fixed 5V versions, and 


output. And thanks to current-mode 
operation, it stands ready to deliver 
full output current on demand with 
excellent line and load transient 
response. The LTC1148 input volt- 
age range is 4V to 16V with 100% 
duty cycle capability for very low 
dropout operation. 


95% Efficien 





cy 5V Regulator 


both are available in plastic DIP or 
SOIC (narrow) packages. Pricing 
starts at $4.34 in 1000 piece quanti- 
ties for the LTC1148CS-5. 

For more details, contact 


Linear Technology Corporation, 
1630 McCarthy Boulevard, 
Milpitas, California, 95035/408- 


LING 


TECHNOLOGY 


TOUGH PRODUCTS 
FOR TOUGH APPLICATIONS. 


The LTC1149 extends synchro- 
nous switching with Burst Mode™ 


432-1900. For literature only, ca 
800-637-5545. 
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W PORTABLE PC HOUSES 
PENTIUM PROCESSOR 


Intel’s latest microprocessor, the 
Pentium, is quickly becoming popu- 
lar on the desktop. Now, thanks to 
the PAC-586, the high-powered pro- 
cessor is available in a portable mod- 








el as well. The PAC-586 delivers 47 
MIPS, out-pacing a similarly config- 
ured 66-MHz 486DX2 system by 
about 150%. The unit employs a liq- 
uid-cooling technique to take care of 
the heat problem sometimes found in 
the Pentium processor. Five full- 
length add-in board slots, three VL- 
Bus local-bus slots, three disk-drive 
bays, and a 275-W power supply are 
included. The TFT color display fea- 
tures 185,000 colors in a 640-by-480- 


Turn your 
excess inventory 
into a tax break 
and help send needy 
kids to college. 


Call for your 
free guide 


to learn how donating your 


slow moving inventory 
can mean a generous 
TAX WRITE OFF 


for your company. 


Call (708) 690-0010 


P.O. Box 3021, Glen Ellyn, IL 60138 
Fax (708) 690-0565 


pixel resolution. There’s also a 
touch-screen option. Available now 
with 60- or 66-MHz Pentium proces- 
sors, prices start at about $6000. 

Dolch Computer Systems 

372 Turquoise St. 

Milpitas, CA 95035 

(408) 957-6575 

> CIRCLE 631 


VW MODEM SENDS DATA 
AT 230.4 KBITS/S 
Using data compression, the Optima 
288 V.FC + Fax modem can send 
data ata rate of 230,400 bits/s. Stan- 
dards supported by the external de- 
vice include V.Fast, V.42bis, V.42, and 
Group 3 fax. In addition, it’s back- 
ward-compatible with older industry 
standards. The modem is accompa- 
nied by Windows-based software for 
data and fax communications. The 
Optima 288 V.FC + Fax modem sells 
for $579. A 16-bit serial card with e1- 
ther one or two ports is necessary to 
achieve the 230.4-kbit/s data rate. It 
costs $99. 
Hayes Microcomputer Products 


P.O. Box 105203 
Atlanta, GA 30348 
(404) 840-9200 

> CIRCLE 632 


VW 2.5-IN. DISK DRIVES 

EMPLOY MR HEADS 
A family of 2.5-in. hard-disk drives 
give notebook systems equal stor- 
age capacity to their desktop coun- 
terparts. The DHAA and DHAS 
drives hold 270, 405, and 540 Mbytes 
using either an AT (DHAA) or SCSI 
(DHAS) interface. Because the 
drives’ high capacity comes from a 
proprietary magneto-resistive (MR) 
head technology, which pushes the 
areal density to 493 Mbits/in.”, up to 
270 Mbytes can fit ona platter. Using 
the AT interface, the transfer rate is 
8 Mbytes/s. The fast SCSI adapter 
handles 10 Mbytes/s. In addition, an 
rpm of 8800 results in a 14-ms aver- 
age seek time. 

IBM Corp. 

1133 Westchester Ave. 

White Plains, NY 10604 

> CIRCLE 633 


"I’m a vice president because I sold 22,000 gizmos 


this year. How'd you become a v.p.?" 


Excess inventory today...student opportunity tomorrow 


"I made a great deal on the 200,000 
gizmos you didn’t sell last year.” 
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‘Vv EXTENDER BOARD 
PERMITS HOT SWAPPING 

Compatible with the ISA bus, the 
Smart Extender PC/AT board 
makes it possible to hot swap a 
board-under-test without powering 
down the system or rebooting the 
system software. That’s because all 





signals and power voltages are iso- 
lated. Voltages are ramped up and 
down to eliminate spikes. The board 
covers an entire address range and 
supports DMA operation without 
any software or switch setting. For 
debugging purposes, all bus signals 
are brought out to standard post ter- 
minals at the top of the board. The 


You Need 


Smart Extender sells for $295. 
Catalyst Enterprises Inc. 
1439 Torrington Ct. 

San Jose, CA 95120 
(408) 268-4145 
> CIRCLE 634 


W DISPLAY PANEL 

CONNECTS TO PLC 
The L70 smart display panel com- 
bines a message-display unit (MDU) 
and a counter-timer access module. 
The device is designed for operator- 
interface or control-panel applica- 
tions. It can be programmed from a 
PC, and includes such features as a 
real-time clock and calendar, access 
to programmable-logic-controller 
(PLC) data registers, password pro- 
tection, and a NEMA rating. The 
MDU offers two 16-character lines 
and seven key switches with LED in- 
dicators. 

Logical Products Inc. 

1486 St. Paul Ave. 

Gurnee, IL 60031 

(708) 336-6160 

> CIRCLE 635 


Tree City USA 


Cs trees add the soft touch of nature to our 
busy lives. They cool our cities, fight 
pollution, conserve energy, give wildlife a home, 
and make our neighborhoods more liveable. 

The trees on city property, along streets and in 
parks, are an essential part of the urban forest. To 
keep these trees healthy and abundant, your town 
needs an organized program for their care...an 
annual action plan to plant and prune the city’s 


trees, and to maintain their health. 


You can make a difference — by planting and 
caring for trees in your yard and in your neighbor- 
hood, and by encouraging your city government's 


community forestry program. 


Support Tree City USA where you live. For your 
free booklet, write: Tree City USA, The National 
Arbor Day Foundation, Nebraska City, NE 68410. 


> es National 


Arbor 


Foundation 
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v TV INTERFACE BOARD 
PUTS VIDEO ON A PC 


Users can capture, freeze, store, ma- 
nipulate, and export fully-scalable 
digital video images by employing 
the 16-bit Video Galaxy TV-video in- 
terface card. As a result, video seg- 
ments can be clipped from a televi- 
sion, VCR, camcorder, or laser-disk 
player. 

The board supplies real-time con- 
trol of hue, saturation, brightness, 
and contrast levels through soft- 
ware. Four audio software-con- 
trolled sources handle the volume, 
bass treble, and balance. An intuitive 
graphical user interface helps users 
get up and running quickly. The Vid- 
eo Galaxy board, which sells for un- 
der $300, is compatible with all major 
video standards, including NTSC. 
An upgrade module lets the board 
read Teletext. 

Aztech Labs Inc. 

46707 Fremont Blvd. 

Fremont, CA 945388 

(510) 623-8988 

> CIRCLE 636 














HYBRID 


TCXO 


resistance welded 
package 


Model CO-566 
Frequency: 5 to 50 MHz 
0/70°C: +5 x 10” 
-§5/85°C: +2 x 10° 
Aging: 2 ppm/yr. 
Output: HCMOS (TTL) 
Sine (optional) 
Supply (HCMOS): +5 Vdc 

(Sine): +75 Vdc 
Size: 0.8" x 1.4"x 0.2" 
(24 PIN DIP) 


Write/phone/fax 
Vectron today 
for details on Model CO-566 
and a variety of other 


Crystal Oscillators! 


To order a Free catalog, or for complete 
engineering assistance, call: 


VECTRON LABORATORIES, INC. 
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SYSTEM DESIGN PRODUCTS 


VW TRANSPUTER BOARD 

SPEEDS APPLICATIONS 
Using the Ultra/XL parallel-pro- 
cessing pe board, OEMs and systems 
integrators will be able to accelerate 
their existing software. The board 
features a 16-bit interface that can 
handle up to 10 standardized tran- 
sputer compute modules (TRAMs), 
thus providing a scalable develop- 
ment environment. As more perfor- 
mance is needed, more TRAMs can 
be added. Flexibility is increased by 
using a software-programmable 64- 
by-64-point crossbar. The crossbar 
connects the TRAMs and supplies an 
interface to other external tran- 
sputer boards and systems. The Ul- 
tra/XL comes with a DOS driver, de- 
bugging tools, libraries, utilities, op- 
erating environments, and configu- 
ration and diagnostic software, 
including ANSI C, C++, Occam, and 
other compilers. Support for Novell 
LANs will be available shortly. 
Prices start at $1195. 

Alta Technology 

9500 South 500 West, Suite 212 

Sandy, UT 84070 

(SOL) 562-1010 

> CIRCLE 637 


Vv VIDEO ACCELERATOR 

BASED ON THE W322i 
The Phantom 321 is a 82-bit Windows 
and CAD interleaving graphics ac- 
celerator board based on the Tseng 
Labs W832i chip. The DRAM-based 






board takes advantage of the 32-bit 
VL-Bus local-bus interface. Two ver- 
sions are available: The 8900VL-20 
holds 2 Mbytes of DRAM, while the 
8900VL-10 comes with 1 Mbyte. The 
maximum resolution supported is 
1280 by 1024 pixels. A proprietary 
FlickerFree technology eliminates 
screen flash and flicker. Drivers are 
included for Windows, OS/2, Auto- 
CAD, and other popular applica- 
tions. The 8900VL-20 sells for $349, 
while the 8900VL-10 costs $269. The 
1-Mbyte board can be upgraded to 2 





Mbytes for $119. 
Genoa Systems Corp. 
75 East Trimble Rd. 
San Jose, CA 95131 
(408) 432-9090 
> CIRCLE 638 


Vv FLOATING-POINT BOARD 

SUITS EMBEDDED APPS 
The QED board supplies fast float- 
tru- 











ment control in a package that’s 
small enough to integrate into most 
embedded designs. The on-board, 
high-level language facilitates pro- 
gramming through any PC or termi- 
nal. Up to 884 kbytes of memory in- 
clude battery-backed write-protect- 


- able RAM, which eliminates the need 


for PROM burning. The battery-op- 
erable, surface-mounted board sup- 
plies up to 60 I/O lines. 

Mosaic Industries Inc. 

5437 Central Ave., Suite 1 

Newark, CA 94560 

(510) 790-1255 

> CIRCLE 639 


Vv VME CPU BOARD HANDLES 
EXTENDED TEMPERATURES 

The MR-CPU440 processor board 
can now handle a temperature range 
that extends from —40 to +85°C. The 
rugged board employs independent 
modules for the processor, memory, 
and I/O interfaces, connected by a 
high-performance DMA bus. The 
:100-Mbyte/s DMA channel links the 
68040 CPU, a 68302 communication 
processor, and a 16-Mbyte memory 
to the VME64 interface. Both block 
and DMA transfers are supported, 
yielding a VMEbus transfer rate of 
70 Mbytes/s. An additional 16 
Mbytes of DRAM are available as a 
local resource to the main processor. 
Extensive operating-system support 
is available. Prices for the MR- 
CPU440 start at $7350. 

Matrix Corp. 

1203 New Hope Fd. 

Raleigh, NC 27610 

(919) 231-8000 

> CIRCLE 640 
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Alabama Madison Books & Computers, Madison, Al (205) 772-9250 Fax: (205) 461-8076 Arkensas Publisher's Bookstore, Little Rock, AR (501) 
AVAILABLE AT THESE FINE BOOKSTORES 664-6956 California Clean Well Lighted Place for Books, Cupertino, CA (408) 255-7600 Cody's Books, Berkeley, CA (510) 845-7852 Computer 
Literacy Bookshops, San Jose, CA (408) 435-1118 Computer Literacy Bookshops, Sunnyvale, CA (408) 730-1118 Computer Literacy Bookshops, Cupertino, CA (408) 973-9955 Irvine Sci-Tech Books, Irvine, CA (714) 733-1002 Fax: 
(714) 733-0122 Lou's Books, Long Beach, CA (310) 428-5002 Opamp Technical Books, Los Angeles, CA (213) 464-4322 Fax: (213) 464-0977 San Diego Technical Books, San Diego, CA (619) 279-4990 (800) 346-0071 Fax: (619) 
279-5088 Stacey’s Bookstore, Cupertino, CA (408) 253-7521 Fax: (408) 253-5861 Stacey’s Bookstore, Palo Alto, CA (415) 326-0681 Fax: (415) 326-0693 Stacey's Bookstore, San Francisco, CA (415) 421-4687 Fax: (415) 777- 
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of Louisville Bookstore, Louisville, KY (502) 588-6679 Maryland Maryland Book Exchange, College Park, MD (301) 297-2510 Fax: (301) 209-7118 University Book Center, College Park, MD (301) 314-2665 Massachusetts 
Boston University Bookstore, Boston, MA (617) 267-8484 Harvard Coop Society, Cambridge, MA (617-492-1000 x445 MIT Coop, Cambridge, MA (617) 494-5042 Quantum Books, Cambridge, MA (617) 494-5042 You Do It Electronics 
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A Short Quiz for 
America's Executives 


1. Would you like to help disadvantaged young people get an education— 
and a job? [|YES [JNO 


2. Does your company have excess inventory, services or assets that could be 
used by colleges? []}YES [JNO 


3. Could your company use an above cost tax deduction for qualified 
inventory donations? [IYES [JNO 


















If so, EAL's College Opportunity Program may be for you. | 
EAL targets talented youngsters before they enter their - % 
freshman year of high school, then mentors them for four "h Bd 
years until they graduate. ae 


How does it work? EAL trades your excess goods and 
services to a college for tuition scholarships in your 
name. And the students could intern with you in 

the summer as part of the package. When they 
graduate from college, you are the first in line 

to recruit them. 


The result? You get a tax write-off for the 
donations. And the kids get a leg up with 
their education. Not bad! 


Many of America's top corporations are 
already committed to EAL. 


Why not join them? 


A 


LY, 


Educational 
Assistance Ltd. s 





For more information, 
contact: 

Peter Roskam 
Executive Director 
(708) 690-0010 

P.O. Box 3021 

Glen Ellyn, IL 60138 





“YOUR FREE 
CATALOG 
KNOCKED MY 
SOCKS OFF” 


We get that sort of comment all the time. People are impressed that 
our free Consumer Information Catalog lists so many free and low-cost 
government booklets. There are more than 200 in all, containing a 
wealth of valuable information. 











They tell you how to make money, how to save money and how to 
invest it wisely. They tell you about federal benefits, housing and 
educating your children. They fill you in on nutrition, jobs, health, cars, 
travel, and much more. 


Our free Catalog will very likely impress you, too. But first you have to 
get it. Just send your name and address to: 


Consumer Information Center 
Department KO 
Pueblo, Colorado 
81009 







Consumer 
Information 


A public service of this publication and the Consumer Information Center of the U. S. General Services Administration 








"I’m a vice president because I sold 22,000 gizmos 


this year. How'd you become a v.p.?” "I made a great deal on the 200,000 
LA gizmos you didn’t sell last year.” 





Turn your excess inventory into a 
tax break and help send needy 
kids to college. 


Call for your free guide to learn how 
donating your slow moving inventory can 
mean a generous TAX WRITE OFF for your company. 


Call 708-690-0010 





P. O. Box 3021, Glen Ellyn, IL 60138 FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 
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"A great time to introduce a new luxury 
cruise line. The economy was in a slump, and the 
competition was on the rise. 

We told our new 


“In creasing Our advertising agency we have 


to go in with all guns 


aC budget Was blazing. And gave them the 
extra money to do it. 

SO successful . They recommended a 

7 three phase campaign. 

our agency Phase 1. Full page 

newspaper. One ad a week 
recommended for 24 weeks and one-third 
pages in the travel section. 

we cut it” Phase 2, radio. Then 3, 

a television to sweep up one 
season and sow the seeds 
for the next. 

To make a long story 
Short, two-thirds into the 
newspaper phase, 
Celebrity’ ships were just 
about full to the end of the 
season. With so little left to 
Sell, we all agreed to hold 
the radio and TV and save 
the remainder of the 
budget. 

In roughly two years 
Celebrity became the 


number one cruise line from 


etl Gy Ia a ey New York to Bermuda. 
Al Wallack, Sr. arketing, Celebrity Cruises, bi 
after returning from having his hearing checked. We've just added 












another new luxury ship and 
we re anxious to fill it. So once again we've upped 
our budget. So far, our agency hasn't tried to talk 
us out of it.” 





American Association of Advertising Agencies 


If you would like to learn more about the power of advertising, please write to Department D, AAAA, 666 Third Avenue, New York, NY 10017 enclosing 


a check for five dollars. You will receive our booklet, /t Works! How Investment Spending In Advertising Pays Off. Please allow 4 to 6 weeks for delivery. This advertisement prepared by Korey, Kay & Partners, New York. 





NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


WORKSTATIONS HARNESS 166- AND 


200-MHZ ALPHA MICROPROCESSORS 


he 166- and 200-MHz Alpha 

AXP microprocessors from 

Digital Equipment Corp. will 
appear in the Pantera I and II per- 
sonal workstations from Carrera 
Computers. In addition, either are 
available in a motherboard-only con- 
figuration. The Pantera I holds the 
166-MHz 21066 RISC processor on a 
baby AT-size motherboard in a stan- 
dard desktop case. It comes with 16 
Mbytes of RAM, 128 kbytes of sec- 
ondary cache, a 250-Mbyte SCSI 
hard-disk drive, and an accelerated 
video adapter. The price for the sys- 
tem is $3995. 

The Pantera I is built with 64-bit 
memory and processor buses and a 
32-bit I/O bus, two 32-bit PCI slots, 
and three 16-bit ISA slots. Embedded 
controllers handle a parallel and two 
serial ports, SCSI, and Ethernet. 

The Pantera II is based on the 200- 
MHz 21064 64-bit RISC CPU. The 
tower chassis holds 32 Mbytes of 


WORKSTATIONS SUIT 
IMAGING AND MULTIMEDIA 
Image-processing, multimedia, and 
video-capture and compression capa- 
bilities are built into the latest family 
of SparcStation platforms. The 10SX 
offers 24-bit color, 83D graphics, and 
hardware-accelerated video play- 
back. Featuring a 535-Mbyte disk 
drive, 32 Mbytes of DRAM, and a 16- 
in. color monitor, it sells for $15,495. 
The model 10M starts at $17,095 and 
comes with all of the features of the 
10SX. It also adds real-time video 
capture and compression as wellas a 
video camera. The model M includes 
all of the hardware necessary to han- 
dle video conferencing over a stan- 
dard network. Prices start at 
$4995. RN } 

Sun Microsystems Inc., 2550 Gar- 

cia Ave., Mountain View, CA 

94043; (415) 960-1300. 


PORTABLE GPS FITS 
PCMCIA SLOT 

Portable computer users can take 
advantage of a global positioning 
system (GPS) with the Mobile GPS, 


BL. EOC? RO NOE’ 


ee 


RAM, 1 Mbyte of secondary cache, a 
CD-ROM drive, a 500-Mbyte SCSI 
hard-disk drive, and accelerated vid- 
eo. The system configuration in- 
cludes a 128-bit interleaved memory 
bus, a 64-bit processor bus, and a 32- 
bit I/O bus. The remaining features 
parallel those of the Pantera I. The 
Pantera II carries a $6995 price tag. 


Carerra Computers Inc., 23181 


Verdugo Dr., Suite 105A, La- 
guna Hills, CA 92653; (714) 707- 


2001. 
M RICHARD NASS 


which is housed in a Type 2 PCMCIA 
card. Applications for such a device 
include field data collection, inven- 
tory control and personal navigation 
systems. Operating In an environ- 
ment that ranges from 0 to +55°C, 
the satellite-based location system 
supports DOS, Windows, and Pen- 
Point. The Mobile GPS consumes 
about 0.75 W in its active mode, and 
25 mA in the sleep mode. A develop- 
er’s software toolkit is available. RN 

Trimble Navigation Inc., 645 

North Mary Ave., P.O. Box 3642, 

Sunnyvale, CA 94088; (408) 481- 


8000. 


ADD LIVE VIDEO 

IN A WINDOW 

Live video windows can be integrat- 
ed into a VGA computer display us- 
ing the 722 PC Workmate. The win- 
dow can sit in any portion of the dis- 
play or can be used in a full screen. 
The 722 PC Workmate incorporates 
a full multiband VHF/UHF/CATV 
tuner that can receive up to 70 televi- 
sion channels. Also, the device has di- 
rect video inputs for a VCR, video 
DES IG 
FEBRUARY 7, 1994 






disk, camcorder, or surveillance 
camera and a built-in speaker. Con- 
nected between the computer and 
the display, it merges the VGA sig- 






nal and sends the combined signal to 
the display. With all the cables, the 
722 PC Workmate sells for $525. Two 
different versions are available to 
support the NTSC or PAL stan- 
dards. RN 
Telebyte Technology Inc., 270 E. 
Pulaski Rd., Greenlawn, NY 
11740; (800) TELEBYT or (516) 
423-3232. 


TELECONFERENCE FROM 
A PORTABLE SYSTEM 

A portable teleconferencing system 
is based on the work of two compa- 
nies, Doleh Computer Systems and 
GTE Vantage Solutions. The 20-lb. 
package consists of the Desktop Vid- 
eo Teleconferencing System (DVTS) 
from GTE and the Portable Add-in 
Computer (PAC) from Dolch. Data is 





transmitted over ISDN digital tele- 
phone lines. The self-contained sys- 
tem contains an adjustable color vid- 
eo camera, a microphone, and a high- 
quality sound system. Video, voice, 
images, and documents can be sent 
with simultaneous annotation, all 
displayed under Windows. The sys- 
tems will be available from Dolch. 
Prices should be under $20,000. RN 
Dolch Computer Systems, 372 
Turquoise St., Milpitas, CA 95035; 
(408) 957-6575. 


N 2] 


What are we going to do with 
your extra robots, Fenton? 


— Maybe a small college football 
) team needs a new front line! 





Turn your excess inventory into 
a substantial tax break and help 
send needy kids to college as well. 


Call for your free guide to learn how 
donating your slow moving inventory can mean 
a generous tax write off for your company. 


Call (708) 690-0010 
Peter Roskam 
Executive Director 





Se) \. 


P.O. Box 3021, Glen Ellyn, IL 60138 FAX (708) 690-0565 


Excess inventory today...student opportunity tomorrow 





NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


WORKSTATION HOLDS 
LARGE-SIZE DIGITIZER 
Designed for use with large digitiz- 
er-based graphics systems, the Da- 
kota series pedestals and worksta- 
tions supply a stable and ergonomi- 
cally correct work platform. The 
platform’s computer shelf and acces- 


sory arms can be extended to hold a 
monitor or printer. The digitizing 
surface’s angle and height can be ad- 
justed and accommodates tablets up 
to 44 by 60 in. 

The workstation requires an area 
of just 10.6 ft.*. The Dakota series, 
built from heavy-duty construction 
material, is available immediately 
from stock. RN 
Atlantic Marketing, 12 Galloway 
Ave., Suite 1B, Hunt Valley, MD 
21030; (410) 683-0068. 


X TERMINALS 

FILL OUT LOW END 

The Entry Color X terminal line in- 
cludes a 14-in. model that costs 
$1795, a 15-in. unit that sells for 
$1995, and a 17-in. system that’s 
priced at $2595. All three offer a res- 
olution of 1024 by 768 pixels and a 
performance measure of 52,000 
Xstones. 

The ECX family comes with a 
PCMCIA slot that can accept any 
compatible card, such as a modem or 
networking card. A high-speed Cen- 
tronics-compatible parallel port lets 
users connect printers or scanners 
without tying up the terminal’s aux- 
iliary serial port. Most standard com- 
munication protocols are supported. 
The systems include 4 Mbytes of 
DRAM, expandable to 36 Mbytes. RN 

Network Computing Devices Inc., 

350 North Bernardo Ave., Moun- 

tain View, CA 94043; (415) 694- 

0650. 


ELECTRON I€ 






Typical spatial scan at 
selected frequency. 
Red = high emissions; 
blue = low emissions. 


Spectral scan identifies 
key frequencies for 


further study. 





Catch emissions problems at 
board level, where compliance 


fixes are least costly. 


ow you can quickly get a color 

image of the electromagnetic 
performance of your printed-circuit 
board or subassembly before final 
compliance testing. Spatial and 
spectral displays generated by the 
EMSCAN PCB emissions scanner 
show you which frequencies and 
which areas of the board under test 
are guilty. These scans are stored 
for later comparison after design 
alterations, to check whether offend- 
ing emissions are now down to 
acceptable levels. 

Just plug your receiver or spec- 
trum analyzer, and your computer 
with IEEE-488 interface, into the 
EMSCAN scanner, and a matrix of 
1280 H-field probes maps the area 
of your test board (up to 9" x 12") for 
high, medium, and low-emissions 
spots within the 10-to-750-MHz 
frequency range. Or you can see a 
spectral display showing the overall 
condition of the board across the 
spectrum. You may then choose a 


AMPLIFIER 
RESEARCH 


frequency of particular interest for 
intensive spatial examination. 

After the development stage, 
you can use EMSCAN as a quality- 
control tool, checking completed 
boards against a “good” scan before 
they go into assembly. This is the 
point where production compliance 
becomes virtually assured. 

The software operates under 
“Windows” to make early diagnosis 
easy, even for those who are new to 
compliance testing. It can run on 
several PCs and workstations, and 
is readily ported to other environ- 
ments for analysis. 

You should learn all about this 
qualitative and quantitative measure 
of emissions for use during product 
development—where design correc- 
tions are least costly. To start, call 
toll-free (1-800-933-8181) to speak 
with an applications engineer and 
arrange to see a demonstration in 
your office or plant. 


160 School House Road 
Souderton, PA 18964-9990 USA 
215-723-8181 ¢ Fax 215-723-5688 


For engineering assistance, sales, and service throughout Europe, call 
EMV ¢ Munich, 89-612-8054 * London, 908-566-556 © Paris, 1-64-61-63-29 
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NEW PRODUCTS 


INSTRUMENTS 





HANDHELD SCOPE-DMM 
FEATURES AUTORANGING 
The TekMeter is a combination au- 
toranging true-RMS digital multi- 
meter (DMM) and autoranging 5- 
MHz oscilloscope in a ruggedized 
2.2-lb. package. Three versions of the 
TekMeter are available: the THM 
550 (single-channel), THM 560 (dual- 


Reo 


Drm 


channel), and THM 565 (a backlit, 
dual-channel unit with advanced 
functions). The DMM features dc 
and true RMS ranges from 400 mV to 
600 V ac and 850 V de, and ohms 
ranges from 400 2 to 40 MQ. It also 
does diode and audible continuity 
tests. Automatic functions include 
power calculation, transformer har- 


Moe rect. 


oT an pes Sy 


thinks like you do. And there’s 
no code to learn! It 
provides application 
development tools for 
DSPs, signal processing, 
communication and 
control system 


















| Brennen 


applications, plus |". = 
mathematical system | > = 
modeling. For more ~— =_., 
information or to place 


an order, call ELANIX now. 


1-800-535-2649 


5655 aura’ Canyon Rd., Suite 304 * Westlake Village, 
A 91362 * (818) 597-1414 ® Fax (818) 597-1427 

6 ELANIX, Inc. 1993. SystemView by ELANIX is 
a registered trademark of ELANIX, Inc. 
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monic derating factor, variable- 
speed ac motor control triggering, 
and line aberration detection. The 
THM 565 can store 10 waveforms or 
instrument setups. It also has a real- 
time clock for time stamping of hard- 
copy printouts. The THM 550 costs 
$859, the THM 560 $999, and the 
THM 565 $1259. All are available im- 
mediately. JN 

Tektronix Inc., P.O. Box 1520, 

Pittsfield, MA 01202; (800) 426- 


2200. 


SDH/SONET ANALYZERS 
OFFER FLEXIBILE TESTING 
The ME3520A/ME3620A SDH/ 
Sonet analyzers allow users to add 
errors or jitter to the live traffic sig- 
nal or to overwrite a channel of the 
live signal with the measurement 
signal. The analyzers access the net- 
work node interface of synchronous 
multiplexer/demultiplexer systems 





at 52 Mbits/s, 156 Mbits/s, 622 
Mbits/s, and 2488 Mbits/s. They can 
concatenate signals for large-capaci- 
ty B-ISDN and ATM telecommunica- 
tions at STS-3c, STS-12c, and STS- 
48C. The transmitter and receiver 
come in separate cabinets, so they 
can be operated independently. Opti- 
cal interfaces at wavelengths of 1.31 
wm and 1.31/1.55 pm are available as 
plug-in units. The ME3520A costs 
$64,875, and the ME8620A costs 
$77,855. JN 

Anritsu Wiltron Sales Co., 685 

Jarvis Dr., Morgan Hill, CA 95037- 

2809; (408) 776-8300. 


DES IGN 


LOWEST POWER COMPARATORS 
ITH 1% REFERENCE 
OPERATE DOWN T0 2.5V 


3uA Comparator + Voltage Reference + Adjustable Hysteresis in 8-pin SO 




















¢ 3yA Max Supply Current 
¢ On-Board 1.2V +1% Reference 
¢ Single Supply: 2.5V to 11V 
e Input Range Includes GND 
e Dual Supply: +1.25V to +5.5V MAXIM 
¢ Adjustable Hysteresis | : 
e No Effect on High-Z Inputs | Eee 
e Independent of Supply Voltage : eee 
¢ TTL/CMOS Compatible Outputs 
e No Pull-ups Required 
¢ Output Sources 40mA erating current for the comparator is 
© 120 High Side Load Switch cae 


ideal for battery-powered applications, the MAX921 draws less than 3yA from a single lithium cell, with 
only 12us prop. delay. The IC includes a 1.2V +1% reference, and its TTL/CMOS-compatible output 
requires no pull-up resistor. One pin lets you add hysteresis without affecting the high-impedance 
inputs. Dual and quad versions are also available. 


Choose the Lowest Power Comparators for Battery-Powered Systems 


Total Supply Current 1.2V Reference Adjustable 
Device (uA Max, 25°C) Over Temp (% Max) Hysteresis Package Price’ 
Single + Reference 3 |. _ 24 _ B-DIP/SO $1.50 
oo += J ~~ —rhreseM _ ~&DIP/SO $1.50 
Dual+ Reference = 4 z _ vw | faeces $1.95 
Quad + Reference 7 | — 16-DIP/SO $2.25 








OP AMPS comrmuton 20A'SoSe 
Data Sheet . Notes + Free 














Met in AE IM FREE Op Amp/Comparator Design Guide—Sent Within 24 Hours! 
undp Amp ecg includes: Data Sheets and Cards for Free Samples 
CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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OPTOCOUPLERS MEET 
VDE 0884 STANDARDS 
Three high-speed, VDE-0884-ap- 
proved, logic-gate optocouplers are 
targeted for system engineers de- 





signing products for the internation- 
al market. The CNW137, CNW2601, 
and CNW2611 optocouplers expand 
HP’s family of 10.16-mm- (0.400-in.) 
wide, 8-pin DIP (or gull-wing SMT) 
devices. They combine an AlGaAs 
LED and an integrated, high-gain 
photodetector. An enable input al- 
lows the detector output to be 
strobed. The detector IC’s output is 
an open-collector Schottky clamped 
transistor. Pricing in lots of up to 999 
ranges from $1.84 for the CNW1387 


You Need 
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to $3.71 for the CNW2611. Delivery 

is from stock. DM 
Hewlett-Packard Co., Compo- 
nents Div., 370 W. Trimble Rd., 
San Jose, CA 95131; (800) 537- 
7715, ext. 7878. 


MICROWAVE AMPLIFIER 
COVERS 2 TO 8 GHZ 

The wide 2-to-8-GHz frequency 
range is covered by the ZRON-8G 
medium-power microwave amplifi- 
er. The amp features typical power 
output of 22.5dBm (20 dBm mini- 
mum), amaximum VSWR of 2:1, and 
linear gain of at least 20 dB over the 
whole band. The hermetically sealed 
unit is unconditionally stable and 
withstands transients caused by 
shorting and/or unshorting a 15-V 
terminal to the case with full de ap- 
plied (1 A external current limiting). 
Applications include wideband test 
instrumentation, S- and C-band ra- 
dars, spread-spectrum and optical 
communications, and_ satellite 
uplinks and line-of-sight transmit- 


Tree City USA 


(2 trees add the soft touch of nature to our 
busy lives. They cool our cities, fight 
pollution, conserve energy, give wildlife a home, 
and make our neighborhoods more liveable. 

The trees on city property, along streets and in 
parks, are an essential part of the urban forest. To 
keep these trees healthy and abundant, your town 
needs an organized program for their care...an 
annual action plan to plant and prune the city’s 


trees, and to maintain their health. 


You can make a difference — by planting and 
caring for trees in your yard and in your neighbor- 
hood, and by encouraging your city government’s 


community forestry program. 


Support Tree City USA where you live. For your 
free booklet, write: Tree City USA, The National 
Arbor Day Foundation, Nebraska City, NE 68410. 
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ting and receiving. Pricing is $495 in 
single quantities. DM 
Mini-Circuits, P.O. Box 350166, 
Brooklyn, NY 11235-0003; (718) 
934-4500. 


12-LED ARRAY 
OFFERS SLEEK LOOK 
Applications in modems and fluid- 
level and telecom-status indicators 
are possible for the 550-0012-801 
rectangular array of 12 LEDs. The 
device’s sleek low profile assures 
consistent lead alignment and lower 
insertion costs. The unit operates 
from —55 to 100°C and offers a 110° 
viewing angle with a typical lumi- 
nous intensity of 3.5 med. The LEDs 
are packaged in a UL 94V0-rated 
black housing for maximum contrast 
ratio. Offered in standard 20-mA red, 
the array can also be ordered in cus- 
tom color combinations. Pricing 
starts at $2.25 for lots of 1000. DM 
Dialight Corp., Dept. ARAY, 1913 
Atlantic Ave., Manasquan, NJ 
08736; (908) 223-9400. [TTT 





DESIGN 


RAM PROTECTION IC 
CONSUMES ONLY 230A 


Write Protection & Battery Backup in an 8-pin SOIC 


The MXD1210 converts CMOS RAM into nonvolatile memory by connecting the higher of two 
backup batteries to the RAM Vcc during power failures. By gating the RAM's enable signal CE, 
the MXD1210 prevents spurious write operations during power failures. 



















° Low Isuppty - 
230A in Operating mode CONVERT RAM TO NONVOLATILE MEMORY 
2nA in Backup mode 
e Backup Switchover With 
Redundant Battery Option 
9 FROM 
e 20ns max Chip Enable ae 
Prop Delay 
e 5% or 10% power fail 
trip thresholds 
e Smallest package — 
8-pin SOIC 
e Second-source to D$1210 
available in 8-pin DIP et oe Eee 
or 10-pin SOIC peed oo package is only 1/4 the size of the 
vrawewmon aves S|  FRFF JP Supervisory Design Guide—Sent Within 24 Hours! 







CE Delay, 
161 


Includes: Data Sheets and Cards for Free Samples 


CALL TOLL FREE 1-800-998-8800 


For a Design Guide or Free Sample 
MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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Monitor Five Voltages with 
Highest Precision, Lowest Power 
Guaranteed % Accuracy, 10.A Supply Current — 
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CONTACTLESS SENSOR 
MEASURES POSITION 

A fully encapsulated, non-wearing, 
and adjustment-free solution to an- 
gular position measurement is of- 
fered by the KMA10/70 contactless 
sensor. The device is applicable to 
many automotive and industrial 
tasks such as active-suspension 





100°Effort. 


units, accelerator-pedal position 
sensing, and servo-controlled actua- 
tors. Based around Philips’s 
KMZ11B1 magneto-resistive sensor 
element, the sensor has an integral 
input shaft, sealed bearing, and mag- 
net assembly, which allow the mag- 
net’s magnetic field to be rotated 
over the sensor element. The resul- 





100°Results, 


isokinetic resistance automatically matches 100% of your effort for 100% results. 
NordicFlex Gold is your best strength conditioning value for only $699.95.* 





The Isokinetic Advantage™ 
gets you strong — fast. 


While other systems are using 
outdated positive and negative 
resistance, only the 
NordicFlex Gold® 
strength conditioner uses 

a patented isokinetic 
positive-only resistance 
mechanism. Studies prove \ 
that isokinetics builds strength \ 
more effectively than ordinary 
systems like free weights or 
rubber bands. That’s because ou 
system automatically matches the 
strength you apply during every 
repetition. Isokinetic 
resistance engages more 
muscle fibers than other 
systems, working each 
muscle to 100% of its 
maximum capacity. 


Isokinetics lets you 
train harder with 


less pain. 

NordicFlex Gold provides 
positive-only resistance to 
virtually eliminate stress on 
tendons and connective tissue 
common to negative resistance 
systems. This greatly minimizes & ae i 
after-exercise soreness and shortens 
recovery time. 






 total-hody 
EXERCISES 





*NordicFlex Gold® Pro™ model not shown is priced at $699.95 r 
with 27 standard exercises. NordicFlex Gold® Medalist™ model 1 
shown is priced at $999.95 with 32 standard exercises. 
NordicFlex Gold® World Class model not shown is priced at 
$1,299.95 with 38 standard exercises. 



























i 
j Send me a FREE drochure UO Also a FREE VHS videotape 
| Name 


I Street 
City State Zip 
Phone ( ) 


ASK ABOUT OUR 30-DAY IN-HOME TRIAL! 


Best of all, it’s from NordicTrack! 


NORDIC FLEX(€ ve! /e | 





Linear motion: better form for 


hetter results. 
nly NordicFlex Gold 
strength conditioners 
operate with ergonomically 
correct linear motion. 

This ensures that you 
maintain proper 
exercise form and 
technique at all times 

for each targeted 

muscle group. By 

_ successfully isolating 
| each muscle group, you 
| _ get faster, more effective 
* results and avoid incorrect 
form which can cause injuries. 


The Isokinetic Advantage 


costs less than you'd expect. 


Now you can get all the advantages of isokinetics 
right in your home with our NordicFlex Gold® 
Pro™ strength conditioner, priced at a 

low $699.95 

Each model includes an exclusive workout video 
and a complete training manual with a detailed 
daily workout guide. Call today to learn how 
isokinetics and NordicFlex Gold can make a 100% 
difference in your level of fitness. 


Call 1-800-441-7890 Ext. 
for your FREE video and brochure 


Or Write: NordicTrack, Dept. 7K9B4 
104 Peavey Road, Chaska, MN 55318-2355 


















































©1994 NordicTrack, Inc., 
A CML Company 
All rights reserved. 
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tant changes in the sensor element’s 
resistance are detected by a thick- 
film hybrid signal-conditioning cir- 
cuit, which produces a temperature- 
compensated 4-to-20-mA output sig- 
nal that corresponds to the angular 
displacement of the input shaft. The 
three-terminal device operates over 
a voltage range of 8.1 to 11 V. Call for 
pricing and delivery. DM 

Philips Semiconductors, Discrete 

Product Div., P.O. Box 10330, Ri- 

viera Beach, FL 33404; (800) 447- 


3762. 


SUBMINI VOLTMETER 
BOASTS DUAL RANGES 

A line of 4-1/2-digit subminiature 
digital voltmeters comes encapsulat- 
ed in standard plastic DIP packages 
measuring 0.9 by 2.1 by 0.48 in. The 
DMS-40LCD Series of voltmeters of- 
fers dual-input-range capability, al- 
lowing signal-input coverage from 





+200 mV to +200 V in pairings of 
200: mV/2-2 “V; E2: V/s520-V or 
+20 V/+200 V. The large 0.4-in., 
easy-to-read LCD display combined 
with the devices’ compact size makes 
them suitable for use in automatic 
test equipment, portable instru- 
ments, and more. Backlit and non- 
backlit models are offered. The me- 
ters operate efficiently from a single 
+5-V or +9-V source. Pricing starts 
at $79. Delivery is from stock. DM 
Datel Inc., 11 Cabot Blvd., Mans- 
field, MA 02048; Tony Keirouz, 
(508) 339-3000, ext. 291. 


ES -P GN 





FAST-CHARGE NiCd & NiMii 
BATTERIES IN UNDER 1 HOUR 


Safe and Reliable Solution Needs Only Low-Cost Components 


The MAX712 and MAX713 are complete battery charging systems in a single IC. Each contains 
an A/D converter, analog power control ciruitry, and all the intelligence necessary to safely and 
reliably fast-charge and trickle-charge Nickel-Cadmium or Nickel-Metal-Hydride batteries. 
Automatic switch-over from fast-charge to trickle-charge protects batteries. So do user-set 
charge rates, temperature detection points, and time-out periods. 


@ Charge 1 to 16 Cells in Series 
Needs Only Low-Cost Components LINEAR CURRENT-REGULATION APPLICATION 


¢ Voltage-Slope, Temperature, FAST-CHARGER NEEDS ONLY A PNP, 
and Time-Out Detection DIODE, AND LOW-COST PASSIVES 


¢ Fast-Charge at 4C to C/3 Rates 
(15 minutes to 3 hours) 


5 








> 











DETECTOR 


¢ Trickle-Charge at C/16 Rate (16 hours) 

¢ 16-Pin Narrow SOICs and DIPs oe Rin 

¢ Complete Evaluation Kit* ae -_[vortage: 
6 


Only $3.10** 


4A SWITCH-MODE APPLICATION 
USES FEWEST COMPONENTS 








TEMP. 
[1 DETECTOR 








SOE Eph: Cay ot ee Cr 





DC INPUT 
7V TO 20V 








CHARGE- 

CURRENT onan | 
REGULATOR 

MAXIM 


MAX712 
MAX713 
2x 800 


ae ae The MAX712 and MAX713 determine fast-charge termina- 
tion using a sophisticated combination of voltage-slope, 
temperature, and time-out detection. The MAX712 uses 
zero-slope detection; The MAX713 uses negative-slope 
detection. 








MAXIM 
MAX713 


BATT+ 
































romsmusawese | FREE Power Supply Design Guide—Sent Within 24 Hours! 
eee Includes: Data Sheets and Cards for Free Samples 


epeceel CALL TOLL FREE 1-800-998-8800 
Fast-Charge NiCd & NIMH Batteries For a Design Guide or Free Sample 
= MasterCard® and Visa® are accepted for Evaluation Kits or small quantity orders. 
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SOUND BOARD EMPLOYS 

WAVE-TABLE SYNTHESIS 

Wave-table synthesis is the technolo- 
gy behind the SoundMan Wave, a 16- 
bit stereo sound board. Wave-table 
synthesis is done using true instru- 
ment recordings rather than com- 
puter-generated sounds, resulting in 
more realistic sounds. In addition, a 


NEW PRODUCTS 


SES 


proprietary MIDI interpreter lets us- 
ers hear wave-table quality in many 
popular games. The SoundMan 
Wave offers 44-kHz sampling, 44 
wave-table and FM voices, a SCSI 
CD-ROM interface, and a five-chan- 
nel stereo mixer. Windows 3.1 and 
DOS are both supported. A host of 
software applications are bundled 


Put Our List 


On Your List 


Our list can peer) Oe 
help you do the (eadedse< \ 

other things “THINGS To DS: | 
you have on Sosy woe” 

your list. Such ASV 

as buy a . 


car. . . estimate 

social security 

... Start the 

diet... check 

out investments. . . 
Our list is the 

Consumer Information 







Catalog. It’s free and lists more than 200 free and 
low-cost government booklets on employment, 
health, safety, nutrition, housing, Federal benefits, 
and lots of ways you can save money. 
So to shorten your list, send for the free 
Consumer Information Catalog. It’s the thing to do. 
Just send us your name and address. Write: 


Consumer Information Center 


Department LL 


Pueblo, Colorado 81009 


A public service of this publication 


ASA 
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and the Consumer Information Center 
of the U.S. General Services Administration 
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with the board as well. It is priced at 
$349. RN 
Logitech Inc., 6505 Kaiser Dr., 
Fremont, CA 94555; (510) 795- 


8500. 


INDUSTRIAL CONTROLLER 
IS BASED ON STD 32 
A compact STD 82 platform packs a 
486 microprocessor, 32-bit local-bus 
video, an 80-Mbyte hard-disk drive, 
and a power supply in a space that’s 
under 3-in. wide. Suited for embed- 
ded applications, the microCat indus- 
trial computer can handle 486 CPUs 
from 25 to 66 MHz. The processor 
board also holds up to 8 Mbytes of 
DRAM, 2 Mbytes of flash memory, 
and several I/O options. A dual 
PCMCIA 2.0 interface is available 
for applications that require rugged 
removable media. Systems that 
don’t require the high speed offered 
by the local-bus video can eliminate 
that feature to reduce the system 
cost. Power is supplied through a 
plug-in de-to-de power-supply single- 
slot board, which accepts most stan- 
dard voltage levels. A basic unit, with 
a 25-MHz 486SX, 4 Mbytes of 
DRAM, DOS 5.0 stored in flash, a Su- 
per VGA controller, an 80-Mbyte 
drive, and a power-supply board, 
starts at $3290. Large-quantity dis- 
counts are available. RN 

Ziatech Corp., 3433 Roberto Ct. 

San Luis Obispo, CA 93401; (805) 

541-0488. 


PARALLEL-PROCESSING 
BOARD HOLDS 16 DSPS 
Up to 16 DSP processors fit on the 
CNAPS/VME-16 VME board. De- 
signed for parallel-processing appli- 
cations, the 6U board delivers 1.8 
BOPS at 20 MHz. The board employs 
a Single-instruction, multiple-data 
(SIMD) architecture that acts as a co- 
processor to perform high-speed par- 
allel operations. Each processor con- 
tains a multiplier, adder/accumula- 
tor, a shifter-logic unit, and on-chip 
RAM. In quantities of 100, the 
CNAPS/VME-16 sells for $3900. A 
32-processor version is priced at 
$5850. Both models are available 
now. RN 

Adaptive Solutions Inc., 1400 

N.W. Compton Dr., Suite 340, Bea- 

verton, OR 97006; (503) 690- 


1236. 


DES IGN 


SINGLE CHIP 
LCD & PROCESSOR SUPPLY 
HAS 87° EFFICIENCY 


Regulated 3V or 5V and OV to -24V From a 2V Battery 


The MAX722/MAX723 dual-output switching regulators provide an unbeatable combination of high 
efficiency, low supply current, and small size. They fit perfectly in your palmtop computer and other 
battery-powered equipment designs. Integrated features include low-voltage warning and automatic 
switching between battery-power and wall adapter power. 


¢ Main Output LCD & MICROPROCESSOR POWER SUPPLY COMBO 


3.0V or 5V — MAX722 INPUTS OUTPUTS 
3Vor5V —- MAX723 72 


¢ LCD Output: OV to -24V : MICROPROCESSOR 
¢ 87% Efficiency save atom 


87% EFFICIENCY 


¢ 60A Quiescent Current 2 way 
¢ 20u.A Shutdown Mode oe eo wise! 


# ays teva i= LOW-VOLTAGE 
¢ Logic-Controlled Outputs (7V TO 18) . WARNING 
=-Pi SHUTDOWN 
¢ Small 16-Pin SOIC ae 





3.3V/5V SELECT 
¢ $5.45* 


Evaluation Kit Speeds Design Cycle 


The complete, preassembled, surface-mount MAX722 evaluation kit saves 
hours of component gathering, board assembly and design time. It has all 
the components needed to build your portable power supply (including inductors 
and PC board). Order MAX722EVKIT-SO, $30.00. 





FREE Power Supplies Design Guide — Sent Within 24 Hrs! 


Includes: Data Sheets and Cards for Free Samples 
CALL TOLL FREE 1-800-998-8800 
For a Design Guide or Free Sample 
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The Dest 
Embedded System for 


if - : si : % “| 
OUR EMBEDDED PCs GO 
TO ANY EXTREME. 


Octagon’s Micro PC® line is 
specifically engineered to operate in 
a wide range of temperatures, from 
—40° to 85° C, 
giving you uncom- 
promised reliability. Our line, 
including I/O cards and card cages 
is perfect for small spaces where 
rugged packaging is critical. 

NEW 5025-486 Micro PC Processor Card 


¢ Wide temperature range — —40° to 85° C 

¢ Small — 4.5 inches x 4.9 inches 

e Fast — 80486SLC, 25 MHz, cache memory 

¢ Easy — “Instant DOS 5.0” operation 

¢ Nonvolatile storage — 3 solid-state disks 

¢ Low power consumption — 5V operation 

¢ High reliability — MTBF 110,000 hours 

¢ No fans — CMOS design keeps temperature down 

¢ Rugged — Withstands shock and vibration 

e Flexible packaging options 

¢ Other features — EPROM Programmer, 4 MB 
DRAM, COM1 and CON2 serial ports, LPT1 paral- 
lel port, keyboard/speaker ports, calender/clock 
option, watchdog timer, coprocessor socket. 


CERTIFIED FOR QUALITY. 


We're proud to announce that 
Octagon is the first embedded com- 
puter manufacturer in the 
world to achieve ISO 9001 
certification. Our quality 
is reflected in our three 
year warranty. 

To get our Micro PC cata- 
log, fax this ad with your name and 
address to 303-426-8126. Or call 
303-430-1500 to speak directly to 
an applications engineer. 


©) OCTAGON SYSTEMS® 


6510 W. 91st Avenue 


Westminster, Colorado 80030 
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NEW PRODUCTS 


COMPUTER BOARDS 


VME64 BOARD TARGETS 
GRAPHICS APPLICATIONS 


ased on a 82-bit 1960CF RISC 
microprocessor, the HK80/ 
V960D has the power to han- 
dle graphics-oriented applications, 
such as image processing and simu- 
lation. The 30-MHz board fits a VME 
form factor and features a 54- 
Mbyte/s VME64 system bus inter- 
face. In addition, it comes with 16 
Mbytes of DRAM, 4 Mbytes of flash 
memory, four serial ports, a socket 
that can hold up to 512 kbytes of 
ROM, and on-board Ethernet. 
Customization is handled through 
a 32-bit, 200-Mbyte/s mezzanine- 
board interface. The interface is han- 
dled as an open specification. As a re- 
sult, designers can build their own I/ 
O, memory, or processor modules. 
Complimenting the V960D’s inter- 
nal high-speed data-movement capa- 
bility is a DMA-intensive I/O archi- 
tecture. The 64-bit mater/slave 
VME64 interface is based on a Cy- 





CONVERT VGA OUPUT 

TO NTSC SIGNAL 

In many instances, a computer dis- 
play is too small to b 





entire audience. Using TapeIT! Por- 
table, a VGA-to-VCR/TV converter 
box, large-size television monitors or 
projection systems can be connected 
to the display. The images are then 
shown simultaneously on both the 
PC display and the external device. 
The converter box does this by con- 
verting the PC’s VGA output to an 
NTSC signal. A proprietary algo- 
rithm results in a flicker-free video 
image. Another use for the TapelIT! 
Portable is to connect a VCR directly 
to a PC, eliminating the need for a 
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press VIC64 VME interface IC. To 
further boost VME throughput, 
FIFO buffers decouple the mezza- 
nine and VMEbus interfaces, letting 
both run at their maximum speed. 
Software support for the board in- 

cludes VxWorks and a series of utili- 
ties for debugging and diagnosis. 
With 8 Mbytes of DRAM, the HK80/ 
V960D sells for $4495. 

Heurikon Corp., 8310 Excelsior 

Dr., Madison, WI 53717; (800) 

356-9602 or (608) 831-0900. 


M@ RICHARD NASS 


camera. The converter sells for $539 
and is available now. RN 
New Media Graphics Corp., 780 
Boston Rd., Billerica, MA 01821; 
(508) 663-0666. 


FRAME GRABBER 
HANDLES 5 TO 160 MHZ 
The HI*DEF III is a high-speed 
frame grabber that’s been ported to 
the VMEbus from the PC. The 160- 
MHz board is fully programmable 
and can capture images from either 
analog or digital video sources. The 
high bandwidth makes the board 
suitable for medical, military, and in- 
dustrial applications. Up to 8 Mbytes 
of video RAM fits on the board. Us- 
ing multiple passes and inputs, true- 
color (24-bit) images can be captured, 
either interlaced or non-interlaced. 
The board’s analog architecture 
helps reduce jitter, drift, noise, and 
crosstalk while increasing stability. 
The HI*DEF III sells for $5990. A 
digital-only board costs $3995. OKM 
discounts are available. RN 
Imagraph Corp., 11 Elizabeth Dr., 
Chelmsford, MA 01824; (508) 256- 


4624. 
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C, when someone 
special to you celebrates a birthday, wedding, the birth of a 
child, the holidays or any other special day? Instead, give a 
sift that’s as special as the day itself — a U.S. Savings Bond. 


> someone a 


After all, 





piece of the future , you show you care today — and tomorrow. 


Get U.S. Savings Bonds at your bank, and be sure to ask for 
a U.S. Savings Bond sift certificate. Then, when someone 


special to you celebrates a special day, sive U.S. Savings 





Bonds. You'll give A eCe 


Take 
Stock 


inAmerica 





A public service of this magazine 
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Surface Mount 
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PC Board Mount 


Low Profile Single and Dual Output 


Isolated 
up to 1000 Volts 


Linear 
Low Profile 


New Isolated DUAL Outputs 
Wide Input Voltage Range 
Regulated 100 





HF 


Industrial to Military 


Switchers Open Frame 
Up to 200 Watts 
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or send direct 

for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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NEW PRODUCTS 


COMPUTER-AIDED ENGINEERING 


SIMULATION, SYNTHESIS 

JOIN LOW-COST TOOLSET 

Viewlogic has added VHDL simula- 
tion and synthesis to its low-cost 
PRO Series of design tools for the 
PC. The PROvhd] and PROsynthesis 
modules complete the company’s 
top-down environment for FPGA 
and complex PLD design. The 
VHDL simulator is IEEE 1076 com- 
pliant, and extends the capabilities 
of Viewlogic’s existing digital simu- 
lator to handle register-transfer-lev- 
el and behavioral descriptions. PRO- 
synthesis takes in a VHDL descrip- 
tion and produces a gate-level repre- 
sentation targeted at a specific 
FPGA or complex PLD family. Ar- 


-chitecture-specific algorithms en- 


sure an integrated flow from initial 
design description through vendor- 
specific place and route. The PRO Se- 
ries tools run on a PC under Win- 
dows. PROvhdl and PROsynthesis 
cost $1995 and $4995, respectively. 
Users can purchase the tools as 
standalone modules, or integrated 
with the other PRO Series tools. LM 
Viewlogic Systems Inc., 293 Bos- 
ton Post Rd. West, Marlboro, MA 
01752-4615; (508) 480-0881. 


USE ESDA TOOL TO DRAW 
VERILOG DESCRIPTIONS 
Engineers can use the DesignVision 
software to graphically create Veri- 
log synthesis and simulation models. 
Verilog users “draw’’ behavioral 
models by graphically describing the 
events and corresponding reactions 
of a model. DesignVision represents 
models as a collection of threads. 
Each thread depicts a series of 
events and actions. As each event oc- 
curs during simulation, the corre- 
sponding action is performed. All 
threads are active (in other words, 
simulate) at the same time. This style 
of modeling makes it easy to see and 
understand separate operations that 
occur simultaneously. Users can 
generate two types of Verilog code: a 
behavioral style for simulation, and 
two styles of RTL descriptions for 
synthesis. DesignVision for Verilog 
is Shipping now for $15,000. It runs 
on Unix workstations. LM 

Vista Technologies Inc., 1100 

Woodfield Rd., Schaumburg, IL 

60173; (708) 706-9300. 
L ECTRONI C 
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SPICE LIBRARY UPDATE 
INCLUDES PIN DIODES 
The latest update to Intusoft’s Spice 
model library for RF devices in- 
cludes several new types of models, 
such as PIN diodes, MMICs, GaAs 
MESFETs, and an ideal coupler. The 
new library, with over 200 additions, 
is three times as big as the previous 
version. The models can be used with 
any Berkeley-Spice-compatible sim- 
ulator on any computer platform. 
Unlike some RF Spice models, the In- 
tusoft models don’t use unrealistic 
parameters to force-fit the device be- 
havior. Instead, a custom subcircuit 
approach is used that accounts for all 
package parasitics, and matches the 
published s-parameter magnitude 
and phase data. As a result, any 
Spice program can simulate linear 
and nonlinear RF circuits using fre- 
quency-, de-, and time-domain ana- 
lyses. Several test circuits are includ- 
ed with the library. RF Device Li- 
brary Version 3.0 is available on flop- 
py disk in DOS and Macintosh 
formats. The library costs $150. LM 
Intusoft, P.O. Box 710, San Pedro, 
CA 90733-0710; (310) 833- 


0710. 


MODEL LIBRARY HELPS 
BUILD WIRELESS DESIGNS 
A library of more than 65 functional 
blocks for designing communica- 
tions systems is now available to sup- 
port the DSP Framework design en- 
vironment from Comdisco Systems. 
DSP Framework has a block-dia- 
gram-based graphical user interface 
that lets users create, simulate, and 
implement a DSP design through a 
set of push buttons and pull-down 
menus. The communications library 
contains such elements as modula- 
tors, demodulators, adaptive equal- 
izers, and wireless channels that are 
suited for digital cellular phones, 
pagers, mobile communications, sat- 
ellite-based systems, and other wire- 
less applications. Two digital-cellu- 
lar demonstration systems can be 
used as tutorials or starting points 
for new designs. DSP Framework 
runs on Unix workstations. The com- 
munications library costs $5000 for 
the first node. LM 

Comdisco Systems Inc., 919 E. 

Hillsdale Blvd., Foster City, CA 

94404; (415) 574-5800. 
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POWER-F ACTOR ICS 
CHECK LINE DISTORTION 
When installed in power supplies, 
two power-factor-correction ICs, the 
LT1248 and LT1249, eliminate line- 
current distortion in ac-power lines 
and help supply manufacturers 
bring their products in line with IEC 
555-2 specifications. Both use fixed 
high-frequency pulse-width-modula- 
tion current averaging and require 
no slope compensation. This ap- 
proach enables the ICs to achieve 
lower line-current distortion and to 
use lower-cost switches and magne- 
tics than ICs or systems that rely on 
either peak-current detection or 
zero-current switching. The LT1248 
is for operation at frequencies up to 
300 kHz, while the LT1249 has an in- 
ternally fixed switching frequency 
of 100 kHz. However, the LT1249 
uses only eight pins and is in a small- 
er package. Typical startup supply 
current is 250 wA with quiescent cur- 
rent of just 9 mA. Pricing for the 
LT1248 is $3.53 in a 16-pin plastic DIP 
and $3.76 in a l6-lead SOIC. The 
LT1249 costs $3.19 in an 8-pin DIP 
and $3.44 in an &lead SOIC. All 
prices are for lots of 1000. Samples 
are available now. DM 

Linear Technology Corp., 1630 

McCarthy Blvd., Milpitas, CA 

95035-7487; (800) 4-LINEAR. 


Dc-DC CONVERTERS 
CAN BE WASHED DOWN 
A hard-potting method is used to pro- 
tect the XT and NT Series of de-de 
converters from moisture damage 
during water-washing processes 
used to clean printed-circuit boards. 
Each converter is hard-epoxy potted 
to the header, which is sealed with a 
double adhesive. The XT Series puts 
out 50 to 60 W in a 8-by-2.58-by-0.83- 
in. case. It comprises 5-, 12-, and 15-V 
single-output types. The NT Series 
packs 10 W into a 1-by-2-by-0.4-in. 
case and 20 W into a 2-by-2-by-0.45-in. 
case. NT converters come with sin- 
gle or dual outputs. Nominal input 
voltages for both series are 12, 24, or 
48 V. All models in the series carry a 
five-year warranty. Call for pricing 
and delivery information. DM 

Calex Mfg. Co. Inc., 2401 Stanwell 

Dr., Concord, CA 94520; Stu Wil- 

liams, (800) 542-3355. 
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NEW PRODUCTS 
‘POWER 


200-W CONVERTERS 
SPORT 300-V INPUT 
A 300-V-input version of the BASIX 
family of high-density dc-dc convert- 
ers is available. Using the company’s 
resonant transition zero-voltage- 
switching topology and integrated 
magnetics in a 4.6-by-2.4-by-0.5-in. 
package, the converters provide a 
usable power density of 86 W/in.” 
with efficiencies of up to 87%. In ad- 
dition, the unit’s 700-kHz fixed fre- 
quency and proprietary topology cut 
internal noise to within VDE03871 
Class A specs with no external filter- 
ing. Peak-to-peak output ripple is be- 
low 1%. Units are available in 48-V 
narrow (40 to 60 V) and wide (86 to 75 
V) input ranges with standard out- 
put voltages of 3.8, 5, 12, 15, 24, and 
48 V de. A 300-V wide-input (200 to 
400 V) version is sampling now. OFM 
pricing starts at $160. DM 
Computer Products, Power Con- 
version America, 7 Elkins St, 
South Boston, MA 02127; (617) 
268-1170. 


QUALIT VEPe 
DUC 
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DENSE CONVERTERS 
COVER UP TO 20 W 
The OHD28008 Series of de-de con- 
verters is a line of single-ended, for- 
ward-converter units rated up to 20 
W of output power over the full mili- 
tary temperature range with out- 
puts of +5, +12, and +15 V. The 
fixed-frequency units use a resonant 
transformer-reset circuit which al- 
lows for a maximum duty cycle of 
67% without increasing the voltage 
stress on the primary MOSFET or 
output rectifiers. Tight line and load 
regulation are achieved through a 
wide-bandwidth magnetic-feedback 
circuit. Other features include con- 
stant-frequency pulse-width-modu- 
lation design, 81% efficiency at full 
load, and a wide input range of 16 to 
40 V de. Twosynchronization options 
are offered. Pricing is $325 in lots of 
100. Delivery is from stock to eight 
weeks. DM 

Omnirel Corp., 205 Crawford St, 

Leominster, MA 01453; (508) 534- 


5776. 


Full line catalog on request. 
See our ad in EEM. 
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DBM Mixers, Splitters, Freq. Doublers 


¢Mixers (SMD Package) 
LO/RF | CONV. | ISOLATION 
IF (MHZ) | LOSS LO-IF 
ToM- | 10-1000 | TYP. 
1103L | DC-1000 Gas 
ToM- | 1-1200 | TYP. 
DCi1000. | 7.68 | 
ToM- | 10-1200 | TYP. 
1203L | DC-1000 PI a 
ToM- | 150-1800 | TYP. 
ToM- | 150-2000 | TYP. | ~ 94, 


2003L DC-1000 8dB 
¢ Freq. Doublers 
Ft (MHZ) Input out out out 
RANGE Power F F1 F3 
TFD- < 14dB 
13 1-500 |O~ +10dBm (0dBm) > 22dB|>35dB 


Model | Ft (MHZ) | INSERT | AMPL. [ISOLA | ow. 
TSP- | RANGE | LOSS |UNBAL. | TION 
0713 | 2-700 |<1.5dB >19.0 


Our Computer-Automatic Measurement system is 
completely computer controlled. All components 
are not only 100% to be tested, also have triple 
QC testing process. 

It is reliable source for ISM Band from Taiwan. 


TEMWELL CORPORATION TOKYO OFFICE 
FAX: 886-2-5515250 FAX: 813-56830866 


You Need 
Tree City USA 


Ce trees add the soft 


touch of nature to our 
busy lives. They cool our 
cities, fight pollution, 
conserve energy, give 
wildlife a home, and make 
our neighborhoods more 
liveable. 

Support Tree City USA 
where you live. For your 
free booklet, write: Tree 
City USA, The National 
Arbor Day Foundation, 
Nebraska City, NE 68410. 


€) Arbor Day Foundation 
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NEW PRODUCTS 
POWER 


TINY 15-W CONVERTER 


IS INDUSTRY’S SMALLEST 

A series of 15-W isolated de-de con- 
verters is claimed to have the small- 
est footprint commercially available. 
The PT31 converters owe their small 
size to a switching frequency of 
more than 650 kHz and the use of pla- 





Somes 
eee 


nar magnetics and surface-mount 
construction. The devices boast a 
power density of 15 W/in.? and mea- 
sure 1.45 by 1.64 by 0.88 in. Their effi- 
ciency is rated at 80%. Two units are 
initially available: the PT8101A is a 
48-to-5-V unit, and the PT3102A is a 
48-to-12-V converter. Both operate 
over an input range of 36 to 72 V de, 
and neither requires a heat sink to 
deliver its rated power. Line regula- 
tion is 0.2% and load regulation is 
+0.4%. Pricing in lots of 100 is $55. 
Delivery is in 60 to 90 days. DM 
Power Trends Inc., 1101 N. Rad- 
dant Rd., Batavia, IL 60510; (708) 
406-0900. 


DC-DC MODULES MOUNT 
WITH AUTOMATIC EASE 
A DIP-housed de-de module that 
weighs just 15 grams is suitable for 
automatic insertion into systems 





based on free-convection-cooled dis- 
tributed-power architectures. The 
MacroDens series of converters 
gives designers an economical route 
to the advantages of distributed 
power in 48/60-V, battery-backed 
systems. Four initial models com- 
prise the line with output voltages 
and power levels of 2 V/3 W, 3.8 V/5 
W, 5 V/6 W, and 12 V/7 W. The 5-V 
version is 83% efficient and stands 
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just 8 mm tall. An MTBF specifica- 
tion of over 400 years (3.5 milion 
hours) results from a low component 
count, hybrid technology, and a high 
degree of silicon integration. Sam- 
ples are available from stock. High- 
volume pricing is below $20. DM 
Ericsson Components, P.O. Box 
853904, Richardson, TX 75085- 
3904; Anders Hansson, (214) 907- 


7906. 


5-W CONVERTERS 
MEET MIL SPECS 
The low-profile, 5-W MSA Series of 
de-de converters is available on Stan- 
dard Military Drawings (SMDs) and 
meet all requirements for MIL-H- 
38534, Class B-qualified hybrids. The 
military hybrid requirements define 
component quality, workmanship 
standards, qualification testing, and 
screening procedures to ensure high 
reliability. The converters come in a 
welded metal case measuring 1 by 1 
by 0.27 in. They handle continuous in- 
put voltages from 16 to 40 V de. Out- 
put voltages are available at 5, 12 
(single or dual), or 15 V de (single or 
dual). Pricing is $630 in lots of 100. 
Delivery is stock to eight weeks. DM 
Interpoint Corp., 10301 Willows 
Rd., P.O. Box 97005, Redmond, 
WA 98073-9705; (206) 882- 


3100. 


POWER MODULES 
REJECT NOISE 
An improvement to the low-power 
Intellimod line of intelligent power 
modules provides improved noise 1m- 
munity and allows users to eliminate 
the use of certain external capaci- 
tors. The PMxxCMA060 devices re- 
place the PMxxCHA060 Series and 
range from 10 to 30 A at 600 V. The 
new family maintains the same com- 
pact package and pinout for easy in- 
terchangeability. The improved 
noise immunity, combined with stan- 
dard protection features, makes for 
higher system reliability and lower 
overall cost. Prototypes are avail- 
able from stock to six weeks with 
production lots running eight to 12 
weeks. A typical price is $49.53 for 10 
pieces of the PM10CMA060 module 
(600 V at 10 A). DM 

Powerex Inc., 200 Hillis St., 

Youngwood, PA 15697; Joe Can- 

cilla, Sr., (412) 925-4488. 
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Controlled Impedance Ground Plane Interconnects 

(GPI™) are cee to Exceed 1 GHZ System Speeds 

Meritec's new Ground Plane Interconnects 
are engineered to match impedance and 
propagation rate while minimizing 
crosstalk. The assemblies are impedance 
matched from the board through the assem- 
bly and designed to reduce signal-to-signal 
crosstalk. The assemblies are designed for 
CMOS, ECL or GaAs logic and can handle 
system speeds exceeding 1 GHZ with 
35 picosecond rise times. A passive latch 
connects the termination to the housing or 
to a carrier system. Meritec's precision 
terminations are highly reliable in critical 
applications. 
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Digital and analog 
interconnect systems 
that maximize board 
density and budget. 


If you need speed and performance in a 
digital or analog interconnect system but 
have a limited budget turn to Meritec. 
Meritec digital and analog interconnect 
systems are designed to meet the require- 
ments of electrically sensitive applications 
using high speed CMOS, ECL or GaAs logic. 
Our systems are engineered to provide 
controlled impedance and propagation 
delay while minimizing crosstalk. You get ship 
to stock quality, backed up with technical 
service and applications support All at a cost 
thats well in line with tight project budgets. 


For more information and free literature 
on the complete line of Meritec digital 
and analog interconnect systems, 

call 216-354-3148. 


MERITEC™ 


A DIVISION OF ASSOCIATED ENTERPRISES 


Where quality assures performance 


1359 West Jackson Street 
PO. Box 8003 

Painesville, Ohio 44077 \"* es, 
Phone: 216-354-3148 “% 
FAX: 216-354-0509 
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Impedance Matched and Over- 
molded SCSI Cable Assemblies 





Meritec's 68 position SCSI female-to- 
female cable assemblies are designed for 
applications requiring high speed, per- 
formance and reliability. Standard cable 
impedances of 85, 90, 95 and 100 ohms 
are available. The low profile connec- 
tors are terminated to FEP cable and 
overmolded for strain relief to provide 
for bused grounds to customer desig- 
nated pins. Terminations are mass sol- 
dered for high reliability. In addition to 
the female-to-female configuration, 
male-to-male and male-to-female ver- 
sions are available on standard SCSI 
050" x .100" spacing. Circle 93 


Low Profile Impedance Matched 
PCB Solderable Interconnects 





Meritec's low profile, impedance 
matched PCB Solderable Interconnects 
solder directly to the PCB for a perma- 
nent connection. Pin lengths of .110" and 
.160" are available for different board 
thicknesses. The connectors feature pre- 
cision, high strength molded termina- 
tions for reliability in critical applica- 
tions. Available in 1x2 and 1x3 configu- 
rations, the connectors are side-to-side 
stackable and feature heights as low as 
.150" from the PCB, making them ideal 
for dense package applications. A vari- 
ety of different cable styles are available 
for the assemblies. 
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2-MM CONNECTOR 

OFFERS HIGH DENSITY 
A series of subminiature connectors 
with 2-mm-pitch spacing for high- 
density industrial applications is 
available. The SP Series connectors 
are single-row, wire-to-board types 
based on the European 2-mm grid. 


The pe-board socket headers are of- 
fered in from two to six positions and 
are polarized for proper mating of 
the male connector. A keying system 
is also offered to prevent mismating. 
Male connectors are supplied pre- 
molded to either jacketed cable, rib- 
bon cable, or twisted pair in either 
straight or right-angle versions. 
Pricing for a model SPSG66FA six- 
conductor cable assembly with con- 
nector is $3.11 in lots of 1000. Deliv- 
ery 1s from stock to six weeks. DM 
Richard Hirschmann of America 
Inc., Industrial Row, P.O. Box 
229, Riverdale, NJ 07457; (800) 
225-0254, ext. 230. 


FPGAS IN THIN QFPS 
SUIT PCMCIA NEEDS 
By packaging its ACT 1 family of 
field-programmable gate arrays 
(FPGAs) in very thin quad flat packs 
(VQFPs), Actel offers an answer to 






designers of PCMCIA cards, note- 
book computers, or other applica- 
tions restricted by height or surface 
requirements. The A1010B and 
A1020B FPGAs are 1200- and 2000- 
gate devices, respectively, and are 
intended to provide optimum capaci- 
ty for applications in which medium 
amounts of logic must be integrated. 
Available in a 1-mm-tall, 80-pin pack- 
age, the arrays offer a small foot- 
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print of 16 by 16 mm anda pin pitch of 
0.65 mm. Pricing for the A1010B and 
A1020B arrays in lots of 5000 is 
$13.80 and $21, respectively. Small 
quantities are from stock. DM 
Actel Corp., 955 E. Arques Ave., 
Sunnyvale, CA 94086; (408) 739- 


1010. 


ELEVATOR SOCKET 
RAISES DISPLAYS 
A 10-pin, elevated-height socket with 
0.200-in. row-to-row spacing in- 
creases the visibility of LEDs and 
other display devices within the end- 
user’s chassis. The P/N 10-28440-10 
socket lifts displays with 0.200-in. 
spacing to a height of 0.440 in. above 
the pe board. Other above-board 
heights are available with a modest 
tooling fee. The socket features bi- 
furcated, stamped three-point con- 
tacts designed to mate perfectly 
with flat or flimsy display leads. 
Pricing is $0.80 in lots of 1000 with 
delivery in six weeks. DM 

Aries Electronics Inc., P.O. Box 

130, Frenchtown, NJ 08825; Frank 

Folmsbee, (908) 996-6841. 
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INSTANT BOND KIT 
REPAIRS PROTOTYPES 
Rugged, instant bonding of metals, 
rubbers, and plastics is provided by 
the 4300 Circuit Works Quick-Bond 
Gel kit. The kit includes an accelera- 





ing results. Developed for design, 
prototype, and repair applications, 
the kit provides a one-part cyanoac- 
rylate gel that will not migrate to un- 
desired areas after application. Ideal 
for filling gaps, wide tolerances, or 
bonding dissimilar materials, the gel 
can be brushed on or applied directly. 
Suggested pricing is $6.95. DM 
Planned Products, 303 Potrero St, 
Suite 53, Santa Cruz, CA 95060; 
(408) 459-8088. 
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DATA COMPRESSOR | ACCESS NODE UPS INTERNETWORKING 


EXPANDS OUTPUT 


he Series 5000 LAN/WAN 
Optimizer, an advanced 
data-compression device, in- 
creases the throughput of a bridge, 
router, front-end processor, or chan- 
nel extender two to four times (on av- 
erage), depending on the type of in- 
formation being transmitted. It uses 
an advanced hardware pipeline and 
multiprocessor architecture to mini- 
mize compression/decompression 
latency and maximize throughput. 
Increased throughput significantly 
reduces bandwidth requirements 
and enables the use of lower links. It 
also reduces congestion of the WAN. 
SNMP network management ¢a- 
pabilities allows network managers 
to manage both routers and Optimiz- 
ers from one SNMP management 
station. The SNMP agent includes 
the standard MIB-II, and a private 
enterprise MIB, which provides such 
information as packet counts, com- 
pression ratios, and line errors. The 
SNMP is an “in-band” implementa- 
tion—it responds to SNMP requests 
received together with other data 
that is to be compressed on the serial 
line. Consequently, the Optimizer re- 
quires no external connection, such 
as an Ethernet port on the LAN; the 
SNMP management station sees and 
shows the Optimizer in the correct 
position in the network. The Optimiz- 
er can be configured off-line and 
then activated on-line by a network 
operator to ensure minimum net- 
work disruption. The Link Pass- 
Through Module option provides for 
failsafe network operation. With 
this option, the Optimizer can be 
manually activated by a console com- 
mand. Upon activation, the Pass- 
Through Module will automatically 
connect the DTE (the Router) side 
with the DCE (the Network), by- 
passing the Optimizer. SNMP will be 
supplied free to all LAN/WAN Opti- 
mizer customers. The Link Pass- 

Through Module costs $900. 
Telco Systems, Inc., Magnalink 
Communications, 62 Nahatan 
St., Norwood, MA 02062; (617) 

255-9400 or -5885. 
M@ CLIFFORD METH 


ELECTRON I C 


he Integrated Access Node, 

a flexible branch inter- 

networking product, consolli- 
dates SNA/legacy and LAN traffic 
by combining multiprotocol routing 
with Frame Relay and X.25 switch- 
ing. IAN’s release coincides with 
that of the SNMP-based Element 
Management System (EMS), which 
provides integrated management of 
SNA/legacy and LAN traffic. Ideal 
for branch office use or in remote 
sites, the IAN provides the advan- 
tages of switching and routing via a 
connection-oriented networking ar- 
chitecture. The result is seamless 
support for connectionless LAN pro- 
tocols, and connection-oriented 
IBM/legacy protocols over connec- 
tion-oriented technologies, such as 
X.25, Frame Relay, and soon, ATM. 
The standards-based IAN routes all 
major LASN protocols including 
TCP/IP, IPX, DECnet IV, OSI, XNS, 


and Apple Talk, and bridges other 
protocols utilizing transparent 
bridging, source routing, and span- 
ning tree. The IAN also provides an 
integrated solution for Asynchro- 
nous and Synchronous protocols, in- 
cluding SNA/SDLC, BiSyne, and 
Burroughs Poll Select. 

The IAN supports wide area proto- 
cols, such as X.25, public and private 
Frame Relay, SMDS, ISDN, and 
PPP. With a wide range of interface 
speeds up to 2 Mbps, the IAN pro- 
vides full support for Ethernet and 
Token Ring, and cost-effective 
transport for IBM protocols using 
connection-oriented Frame Relay or 
X.25 switching. The IAN costs $5,000 
to $14,500, The enhanced EMS costs 
$10,000. 

Ascom Timeplex, Inc. 400 
Chestnut Ridge Rd., PO. Box 
1206, Woodcliff Lake, NJ 07675; 
(201) 573-6427 or -6425. 
@ CLIFFORD METH 


lf your products require reliable DC power switching 
of up to 1000 Vdc... 


The solution’s in your hands. 
Whether your power-control applica- 


tions call for 48 Vdc or 1000 Vdc isolation 


or power switching, Kilovac has the 
solution. 


For over two decades, Kilovac has been 
designing and manufacturing a broad line 


of high voltage vacuum and gas-filled 
relays for industrial and commercial 
applications. 


Write or call Kilovac for complete 
product literature or to discuss your 


specific high voltage applications. 
APPLICATION HOTLINE: 800/253-4560 


® 


Experts in High Voltage Relays and DC 
Power Switching Devices. 
P.O. Box 4422 ¢ Santa Barbara, CA 93140 
805/684-4560 ¢ Fax: 805/684-9679 
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for 


Best Value in the World 


Polyimide and FR4 
Commercial & Milspec 


MULTILAYER 
PROTOTYPES 


1 to 5 day turns (| 1 to 12 layers 


Here’s all you have to do: 


m= Send a B/W or 4C glossy photo. 


m Include 13 lines of copy. 
(37 characters per line) 


m Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 





Capabilities 
* Buried & Blind Vias 
* Polyimide Multilayer 
* Full body & bondable gold 
* Carbon Paste 

¢ Tin nickel burn-in boards 
* SMT - SMOBC 

* Up to 22 layers 

* Impedance control boards 
UL listed 










DISCOUNTS: 10% con 


5% 5 ead pee CARD 


5 DAY TURN PRICES FOR FR4 BOARDS 
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Miniature 
Cont 


Save time. 
Save money. 


Our wide range of 
C-programmable min- ~~" 
iature controllers are ideal 
for control applications, data acquisition, 
and test and measurement. Compact and low in price 

(the Little PLC™ above is 2’x3" and $195), these controllers 
are programmed with our easy-to-use Dynamic C™ devel- 
opment system. Our controllers feature digital 1/0, ADCs 
and DACs, relays and solenoid drivers, RS232 and RS485 seri- 
al ports, battery-backed memory and time/date clock, LCDs, 
keypads, enclosures and more! 


1724 Picasso Ave. 
Davis, CA 95616 








rollers 


24-Hour AutoFax 
916.753.0618. Call 916.757.3737 
from your FAX. 910.753.5141 FAX 


Z-WORLD ENGINEERING 


V4 WORLD 


ENGINEERING 


CIRCLE 418 





* Photoplotting 
« Testing 

* Gold Contacts - $50 
* 25% - Below 8 Mil 

* Thickness Variation 

* SMOBC & LPI - $56 


rices effective January 1. 1993. 


3&4 sua mere 


| 10 | PIECES | 2 | 5 | 10 


15 91 $851 $1065 


30 = 965 | 1207 


Call Ken Bahi 


1108 West Evelyn Avenue 
Sunnyvale, California $4086 


PHONE: 408/735-7137 
FAX: 408/735-1408 


MODEM: 408/735-9842 
CIRCLE 413 
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We have programming support for these, now: 
® Intel FX740,FX780 @ Altera MAX 7064, 7128 
@ AMD 29F010, 29F040, 16R8-4, MACH435 
® Xilinx 1736D,1765D ® Moto HC711,HC705 
@ Intel 87C196 KD,KR,JR,MC ® Lattice pLSI 
@ Atmel 29C040 ® WSI PSD-4XX,-5XX,PAC 
@ All packages: PLCC,PGA,QFP,TQFP,SOIC 
For immediate support, please call 


800-627-2456 FAX: (408) 736-2503 
ADVIN CIRCLE 402 





The Only Low Cost/High Performance 
Arbitrary Waveform Generator 





AWG502 


A must for Engineering Development or Production Test. 


* IBM AT compatible board 

* Two analog output channels + 24 digital outputs 
* Up to 50 Megapoints/sec output each channel 

* 12 bit resolution 

* 10 output filters per channel 

* Frequency synthesizer 

* 64k words RAM per channel with segment looping 
* The best software support on the market 


Full price is $3500. Phone Today for immediate information. 


Signatec, Inc. 
- 357 N. Sheridan St., Suite 119 
Corona, California 91720 
(909) 734-3001 
FAX: (909) 734-4356 
CIRCLE 4 






SIGNATEC, INC. 


Here’s all you have to do: 


= Send a B/W or 4C glossy photo. 


@ Include 13 lines of copy. 
(37 characters per line) 


= Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 







DECISION 


IS YOURS! | 
as to who gives you the best value? 
5 DAY TURN SERVICES: 
PRINTED GRQUIT BOARDS a TO 5 DAY TURN 
LAK ee key | ° (UL Approved 
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PHOTOPLOTTING 
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DESIGN 
¢ Extensive expertise in sing} 


a & multi-layer circuit. 


° Latest yee n tools oF tech- 
pions ghee elp you identity 
to reduce layers a sim- 
pl assem 
apability to suggest design 


P1Ox12] $10 
4 x tad 3 SIZ I 





Biheractins to improve fabri- | 20x24 {| $30 __| 
cation efficiency | 24x36 | SORE 
az CALL US TODAY AT : 


-800-600-66 1 


ACCUTRACE INC. 
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?CMCIA Card Development System 


Complete Development 
System for PCMCIA cards 


Provides the most efficient 


protected environment 
System includes: 


* PCMCIA Socket 
Driver Base Unit with 
fully protected pin 
drivers 

* PCMCIA prototyping 
board using FPGA for 
PCMCIA interfacing 
with breadboard area 
Software for on-the-fly 
programming of inter- 
face FPGA and CIS 
memory 
Test program develop- 
ment software with fully 
integrated editor and 
compiler 
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e Programs PLDs, 


To order, call: 
PROMs, and EPROMs = 4-800-3-DatalO, 
and microcontrollers up Ext, 904 
to 48 pins (1-800-332-8246) 
e Algorithm updates ie 
available via electronic Dee oma by: 
bulletin board romar. 
Technology West 
Special Introductory Price (1- 800-227-3345) 
32-pin version: — JDR Microdevices 
$895 (1-800-538-5000) 


48 - . 
Po. DATA 1/O 


\ATA I/O CIRCLE 404 





meegrated Flee Electronics CAD 














Analogue | jj 
| & Digital 
__=:| Simulation 


es Sf And PCB Design 











tp VAAT 
Prices From $375! 


For info pack write, fax, call or use Inquiry # 


Number One Systems 


REF: EDN, 1795 Granger Ave, Los Altos, CA 94024 
(415) 968 9306 
VISA and MasterCard welcome. 


NUMBER ONE SYSTEMS CIRCLE 420 





ROLYN OPTICS 








PHASE BUSINESS SYS. 


FREE! 


120 
Page 
Catalog 


ROLY n OPTICS ComPAns 


Industry” 


ROLYN OPTICS supplies all types of “Off-the- 
Shelf” optical components. Lenses, prisms, mir- 
rors, irises, microscope objectives & eyepieces 
plus hundreds of others. All from stock. Rolyn 
also supplies custom products & coatings in pro- 
totype or production quantities. Write or call for 
our free 120 page catalog describing products & 
listing off-the-shelf prices. ROLYN GFTICS CO., 

706 Arrowgrand Circle, Covina, CA 91722. 
(818) 915-5707 & (818) 915- 5717. 

FAX: (818) 915-1379. 


CIRCLE 414 


Here’s all you have to do: 


m= Send a B/W or 4C glossy photo. 


w Include 13 lines of copy. 
(37 characters per line) 


mw Write a headline of 32 characters or less. 


We do all the rest. 
No production charges. 


We also accept camera-ready art. 
Ad size 23/16” wide X 3” deep. 


BUILD YOUR OWN PC BASED KEYPAD 


KEYPAD ENCODER 
| $59.95 


SERIAL (PAD NOT INCLUDED) 


| ENCODES 
UP TO 
340 
KEYS 
20X17) 
OUTPUTS X & Y 
COORDINATES 





INCLUDES FREE 
PC TEST 
PROGRAM 


PHASE BUSINESS SYS. 
460 S. ARROWHEAD 
SAN BERNARDINO 
CA. 92408-1309 
TEL.909-889-2233 
FAX 909-885-8286 


se Fe 
bs tesde LIL IL 
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T-CUBED SYSTEMS 


RELIABILITY PREDICTION 
SOFTWARE 


ARE YOUR PRODUCTS RELIABLE? 
The RelCalc 2 Software Package automates the 
reliability prediction procedure of MIL-HDBK- 
217, or Bellcore, allowing quick and easy 
reliability analysis of electronic products on 
your PC. Say goodbye to tedious, time consum- 
ing, and error prone manual methods! 


= NEW UPDATE! VERSION 3.1 now available. 
® User friendly: pop-up menus, hypertext help. 
= Very easy to learn and use; quick data entry. 

= Part library for rapid recall of part data. 

# Global editing functions for what-if? trials. 

® Reports which clearly organize results. 

= Save time & money as you design for quality. 
= Try our Demo Package today for $25. 


T-Cubed Systems, 31220 La Baya Drive, 
Suite 110, Westlake Village, CA 91362 
CALL: (818) 991-0057 FAX: (818) 991-1281 
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40 MIPS DSP 
12.5 MIPS DSP 


TMS320C5X 
TMS320C2X 


In-Circuit Emulators 
Featuring: 
e Tl compatible HLL Debugger 
e 4K deep real-time trace buffer 
e Zero wait-state overlay memory 
¢ Multiple hardware breakpoints 


=n 1-800-783-9546 


MACROCHIP FAX 214-245-1005 


MACROCHIP RESEARCH CIRCLE 410 


Schematic 


Your 
Choice 
for EDA 
Solutions 


PCB layout = 
Autoroute & 


PLD design u 


for WINDOWS 


OFT)... DOS 


Call for your free, 
full-function demo 


800 488-0680 


ACCEL Technologies, Inc. 
CIRCLE 400 


Helping good 
ideas become 
great products 





ACCEL TECH. 
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BEAT THE ODDS with the 


NEW! Mil-Spec Toggle Switches 
- WORST CASE ANALYZER ~ 













(C) 1993 DACI 





C&K’'s 7000 Series Toggle Switches now 
meet the requirements of MIL-S-83731. 
* Double pole and single pole models 
* Solderlug, PCB, Rt. angie termination 
* Ratings to 5 Amps/120Vac 
* Epoxy terminal seal provides 
compatibility with "bottom-wash” 
cleaning methods 
Quality - Dependability - Availability 


- Exclusive probability-based risk assessment software 

- Confirm the design integrity of amps, filters, power supplies, 
interface, PLLs, medical, flight, video, optics, mechanics, 
heat transfer, etc. 

- Solve design equations for min, avg, max performance, 
sensitivites, and probability of failure. 

- Easy to install and use; DOS format 

- Used by engineering divisions of major Fortune 500 firms 
Companion Risk Master TM program for design managers 
also available. 


Competitive Pricin 
Call now for free samples and literature: WORST CASE ANALYZER $595.00 PER COPY 
CK. RISK MASTER™ $125.00 PER COPY 
COMPONENTS, INC. 


15 Riverdale Ave., Newton, MA 02158-1082 
Tel: (800) 635-5936; FAX: (617) 332-2379 


C&K COMPONENTS CIRCLE 403 


Design / Analysis Consultants, Inc. 
10014 N. Dale Mabry, Tampa, FI. 33618 
Tel 1-800-780-8331 FAX 813-961-2395 


DESIGN/ANALYSIS CIRCLE 405 





DC/CAD 
introducing. . . 
THE TERMINATOR 
Super High Density Router 
(Complete with Schematic & PCB EDITOR) 
Features the following powerful algorithm & capability: 
Big ae secorgnicits CALL FOR FREE DEMO 


* Pre-routing of SMT components Price Range:$195-$2500 
* Real-Time via minimization ; 


WINDOWS FOR 
ENGINEERS 


*Special promotional offer 


* Real-Time clean up passes ay bferrently avaiable 


* User defined strategies 
* Window 3.0 capability as DOS Task 
* |-mil Autoplacer and Autopanning 


* Two-way Gerber and DXF Windows version of the DADiSP Worksheet 


* Automatic Ground Plane w/Cross-Hatching 

* Complete w/Schematic & Dolly Libraries 

* Optional simulation capability & enhanced mode for 386 users 
PCB LAYOUT SERVICE AT LOW COST 
LEASE PROGRAM & SITE LICENSE AVAILABLE 


uses Menus and Icons for Point-and-Click 
data acquisition; data analysis; data reduc- 
tion & editing; series and scalar math; matrix 
math; statistics; peak analysis; FFT’s and 
convolutions; digital filtering; 3D/4D 


graphic imaging. And, GPIBLAB for IEEE- 
488 instrumentation control. For a Free 
DADiSP Trial Kit, call 800-777-5151. 


DSP Development Corporation 
One Kendall Square 
Cambridge, MA 02139 
617-577-1133 FAX: 617-577-8211 


DSP DEVELOPMENT CIRCLE 407 


1771 State Highway 34, Farmingdale, N.J. 07727 
(908) 681-7700 * (908) 681-8733 (FAX) 


*DC/CAD.. . . The performance value leader for the demanding entrepreneur. 
DESIGN COMPUTATION CIRCLE 406 


Adjustment-Free CMOS 
Voltage Detectors 


S-807SX high-precision, adjustment-free CMOS volt- 
age detectors provide more precise detection voltage 
(+2.4%) and half the power consumption (1.0uA typi- 
cal) of other voltage detectors for longer battery life 
and more stable eptenine (5% hysteresis). They fea- 
ture a wide operating voltage range (1.0-15V), wide 
operating temperature range (-30° C to +80° C) and 
two output forms (Nch opendrain and CMOS). Their 
super miniature SOT-23-5 packages are ideal for cel- 
lular phones, hand-held instruments, notebook com- 
puters, medical equipment and other advanced appli- 
ee TO-92 and SOT-89 package versions are also 
available. 


Affordable. 
To Use" *" 


¢SPICE Models  ¢Real Time Graphics 


Call or Write For Your FREE Seiko Instruments USA, Inc., 
Demonstration and Information Kit! Semiconductor Products Group, 


Fax 310-833-9658 == P.O. Box710San Pedro, 1130 Ringwood Court, 
r ppp CA 90733-0710 San Jose, CA 95131 (408) 433-3208. 


Tel. 310-833-0710 intusoft 
INTUSOFT CIRCLE 421 SEIKO INSTRUMENTS CIRCLE 415 








NoiseKen. 


COMPUTER CONTROLLED SUPERBFUNCTION 
ELECTROSTATIC DISCHARGE SIMULATOR 


movEL ESS-200AX 


@OUTPUT VOLTAGE 
2 ~ 30.0kV 


@ OPERATING MODES 
IEC SEVERITY LEVEL 
MANUAL 


TC-815D Ess-200ax LJ 


For all your EMI/EMC/IEC Pub.801 series needs, please contact 
U.S.A. WATAHAN NOHARA INTERNATIONAL, INC. 


TEL(800)366-3515 


ESD/IMPULSE NOISE/VOLTAGE DIP/LIGHTNING SURGE 
NOISE LABORATORY CIRCLE 411 





PRECISION 
THUMB SCREWS 


Globe’s precision thumb screws 
are available in aluminum, 
Steel, brass or stainless steel 
and can be finished to meet 
Mil, QQ and other standards 
in forty-two protective and 
decorative finishes, in 
plain, iridite gold, 
chromium plating 
and many more to 
meet all your thumb screw needs. 
American or Metric thread patterns 
are available. Globe will also fabricate 
a thumb screw to your specifications. 
Call, write or fax to receive Globe's 
NEW, FREE comprehensive 240-page 
catalog on thumb screws and our 
complete line of electronic hardware. 


AES GLOBE ELECTRONIC HARDWARE 


LO 34-24 56TH STREET * WOODSIDE, NY 11377 
G BE (800) 221-1505 * NEW YORK: (718) 457-0303 
ee’ FAX: (718) 457-7493 


GLOBE CIRCLE 409 


ASIC SOFTWARE 






























Netlist Tools 
° S-Edit: Schematic entry 


¢ T-Spice: Circuit simulator | Free L-Edit demo disk. 
° GateSim: Logic simulator | Sax: Magy 7ase8800 
Layout Tools: 7 
¢ L-Edit: Full-custom layout editor 

¢ DRC: Design rule checker 

e Extract: General device extractor 

¢LVS: Netlist comparison utility 

¢ SPR: Standard cell place-&-route 


CMOS layout libraries for MOSIS & Orbit 
TANNER 


RESEARCH 
TANNER RESEARCH 








180 N. Vinedo Avenue 
Pasadean, CA 91107 
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DIGITAL MODULATION 
ANALYZER DESCRIBED 

A six-page, full- .——.__ amiss 
color brochure on “== 

| the ME2627B digi- 
| tal modulation an- 
alyzer describes 
suitable applica- 
| tions for the in- 
strument as well 
as all its features 
and specifications. deailable screen 
displays—including spectrum, eye 
pattern, constellation, phase/fre- 
quency error, power error, and mod- 
ulation error—are pictured. The bro- 
chure offers information on analysis 
parameters, mobile communications 
systems that can be tested, and cir- 
cuit component evaluation applica- 
tions. The publications is available 
without charge from Anritsu-Wil- 
tron Sales Co., Morgan Hill, Calif. IN 


SPICE NEWSLETTER 
DISCUSSES SIMULATION 
Dedicated to discussing topics relat- 
ed to the Spice circuit-simulation 
tool, the Intusoft Newsletter’s most 
recent issue contains two articles 
and numerous news items detailing 
recent developments. The newslet- 
ter is produced by Intusoft, San Pe- 
dro, Calif. One application note, ti- 
tled “New Models Simulate PCB Ef- 
fects,” covers various issues sur- 
rounding the simulation of pc-board 
effects such as ground and Voc 
bounce. Another article describes 
how to perform a Monte Carlo statis- 
tical yield analysis on active filters 
using the company’s FilterMaster 
Active program and IsSpice. A flop- 
py disk containing all the schematics 
and Spice models in the newsletter is 
available for a small fee. Also of- 
fered is a yearly subscription to the 
newsletter. DM 
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AP NOTE DISCUSSES 
OSCILLOSCOPE PROBES 

An application note called “Probes 
and Probing” describes the prob- 
lems most frequently encountered in 
probing electronic signals and ex- 
plains how to choose the right probe 
for various applications. A probe’s 
dynamic characteristics often have 
to be matched with those of the logic 
type being used, so the note, from 
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LeCroy Corp., Chestnut Ridge, N.Y., 
discusses specific logic families. 
Also examined are the problems in- 
volved with looking at signals on 
low-impedance transmission lines 
and the effects of probe grounding. 
The note contains information on the 
use of high-impedance probes, low- 
capacitance probes, and active (FET) 
probes. Users of both analog and dig- 
ital oscilloscopes will find the note 
beneficial. JN 


GUIDES DETAIL DATA, 
IMAGING PRODUCTS 
Two short-form 
guides summarize 
PC AT and VME- 
bus product offer- 
ings, highlighting 
recent introduc- 
tions. The eight- 
and 10-page bro- 
chures, available 
without charge from Data Transla- 
tion, Marlboro, Mass., are “What's 
new in data acquisition’ and 
“What’s new in imaging.” The for- 
mer describes the company’s latest 
data-acquisition hardware and soft- 
ware and includes a table summariz- 
ing their features and those of the 
rest of the company’s data-acquisi- 
tion and chromatography products. 
The latter guide details products for 
imaging and image analysis. Pricing 
and ordering information are includ- 
ed in the guides. JN 


HOW SETTLING TIME 
AFFECTS DATA ACCURACY 
An application note from National 
Instruments Corp., Austin, Tex., dis- 
cusses the inaccuracies that instru- 
mentation amp settling times can 
cause in data acquisition. “Is Your 
Data Inaccurate Because of Instru- 
mentation Amplifier Settling Time” 
defines settling time as the time 
needed for a signal to reach a certain 
accuracy and stay within a specified 
range. The note explains how users 
can test data acquisition boards to 
determine the de and ac settling time 
of the instrumentation amplifier. It 
describes how gain, multiplexing, 
source output impedance, and transi- 
tion-line resistance and capacitance 
affect settling time. Two ways to re- 
duce the effects of settling time are 
also covered. JN 
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AUTOMOTIVE ICS 

IN DETAILED GUIDE 
A 264-page guide 
to ICs for auto ap- 
plications from 
Cherry Semicon- 
ductor Corp., E. 
Greenwich, R.I., 
includes detailed 
data on regula- 
tors, power-sup- 
ply-control ICs, power-conversion 
support circuits, motor driver/con- 
troller ICs, ignition-driver ICs, sole- 
noid and relay driver ICs, and sensor 
and multiplexing ICs. Included are 
handy selection guides for linear 
regulators and H-bridge drivers as 
well as complete information on 
packaging options. Specifications, 
diagrams, technical drawings, and 
feature summaries are provided for 
all products. DM 





Dc-DC HANDBOOK 
CONTAINS ALL SPECS 

A comprehensive product handbook 
contains complete electrical and me- 
chanical specifications on a full line 
of over 600 de-de converters. The 128- 
page handbook, from Conversion 
Devices Inc., Brockton, Mass., in- 
cludes many new products with wide 
input ranges and high input-to-out- 
put isolation, among other features. 
Also included are 34 pages of applica- 
tion and technical notes with in- 
depth information on de-de-convert- 
er topics suchas product testing, the- 
ory of operation, thermal character- 
istics, and more. DM 


CATALOG LISTS PC-BASED 
DEVELOPMENT TEST TOOLS 
A 36-page, two-color catalog de- 
scribes a broad range of PC-based 
development test instruments from 
the recently formed Instrument 
Products Div. of Emulation Technol- 
ogy Inc., Santa Clara, Calif. Included 
are in-circuit emulators, simulators, 
programmers, and logic analyzers, 
as well as related software and ac- 
cessories. A solutions section dis- 
cusses potential problems in project 
development and how the listed tools 
can solve those problems. Also in this 
section is a set of recommended PC 
configurations for each product, list- 
ing requirements such as memory 
and speed. JN 
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SPDT 


ABSORPTIVI VE E or f FFLEC Tl VE dc to 5GHz 


Truly incredible...superfast 3nsec GaAs SPDT reflective or absorptive SPECIFICATIONS — Absorptive SPDT Reflective SPDT 
switches with built-in driver, available in pc plug-in or SMA connector models, (typ) YSWA-2-50DR YSW-2-50DR 
from only $14.95. So why bother designing and building a ariver interface to ZYSWA-2-50DR ZYSW-2-50DR 
further complicate your subsystem and take added space when you can Frequency de- 500- 2000- de- 500- -2000- 
specify Mini-Circuits’ latest innovative integrated components? | | (MHz) 500 2000 5000 500 2000 5000 

Check the outstanding performance of these Ins. Loss (dB) 11 #14 19 0.9 1.3 1.4 
units... high isolation, excellent return loss (even in the Isolation (dB) 42-331 20 50 40 28 
“off” state for absorptive models) and 3-sigma 1dB Comp. (dBm) 18 20 225 20 20 24 
guaranteed unit-to-unit repeatability for insertion loss. . RF Input (max dBm) —-~ 20 ——— a er . 
These rugged devices operate over a -55° to , / vale La eS ab ns a5 
+100°C span. Plug-in models are housed in a tiny (mV.p/p) 
plastic case and are available in tape-and-reel format "Sw. Spd, (nsec) 3 3 3 3 3 3 
(1500 units max, 24mm). All models are available for Price, $ YSWA-2-50DR (pin) 23.95 | YSW-2-50DR (pin) $14.95 
immediate delivery with a one-year guarantee. finding new ways (1-9 qty) ZYSWA-2-50DR (SMA) 69.95 | ZYSW-2-50DR (SMA) 59.95 


Setting higher standards READER SERVICE 117 


[ irc oes its WE ACCEPT AMERICAN EXPRESS AND VISA 


PO. Box 350166. Brooklyn New York 11235-0003 (718) 934-4500 Fax (718) 332-4661 

Distribution Centers /NORTH AMERICA 800-654-7949 e 417-335-5935 Fax 417-335-5945 SURGE 44-252-835094 Fax 44-252-837010 
or detailed specs on all Mini-Circuits products refer to e THOMAS REGISTER Vol. 23 e MICROWAVES PRODUCT DIRECTORY e EEM e MINI-CIRCUITS' 740-pg HANDBOOK 
F141 REV. D 





K CM 
* Dual Port SRAMs OS SRAMs 


ee 
be oat 
as 


a . "8 & 8ns, 258k BicMog SRAMs 





















































* Programmable ay Skew 


Clock Buffer—reduces 


Output Skew to 500 ps 















: BOOK ‘E. 1 | If your project demands high performance, 
throw the book at it. The new IC product 


Data Book from Cypress Semiconductor. It’s free. And invaluable. When you use the 

__ Data Book, you can be sure your system will hit the streets running with the fastest com- 
_ ponents available: Blistering PLDs, PROMs, and SRAMs. Lightning-quick LOGIC, DRAM 

and Cache SRAM modules. Call/fax for the free Data Book today. And really open it up. 











Data Book Hotline: Europe (32) 2-652-0270, ==> coe 
ext. 119% Ask for Dept. C3C ee ceo ee 
Asia: Fax your request to: 1-415-940-4336° SS SeiCONDUCTOR 
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_ Or contact us via Europe fax and Asia telephone numbers listed below. 
* The international operator can give you your country’s specific access code. Burcoe Fax (32) 2-652- 1504, Pelcohone Hong Kong: (852) 3. 880-6 


India: (812) 566-630 x-3808. Japan: (81) 423-69-82-11. Korea: (82) 2-576-2111. Singapore: (65) 294-8389. Taiwan: (886) 2-820-53-53, © 1993 Cypress Semicon 
3901 North First Street, San Jose, CA 95134. Telephone 1-408-943-2600, Telex 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 





